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ABSTRACT 


A computer model which simulates Naval Gunfire Support 
eemocmall Independent Aciion Bomecs (SEAR) in anoansuncemte. 
contested area is presented. The mechanics of the model are 
described in sufficient detail th allow understanding by any 
user with a basic understanding of Naval Gunfire Support and 
Somputer simulation techniques. A detailed guide to pre- 
meine the input data deck™required for simulation of a@ user- 
defined problem is included. 

Wheepmoolem definitiom and results Of de partialeuea. 
maerlaty study of the Seabased Tactical Deterrent Force 
fF) concept using the simulation model are presented as 
2 means of providing some insight into the feasibility of 
the STDF concept and as an Example Of thee Use Oo tee lcm scemlmi tes 


tion model. 
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i... INT RODUGCIICH 


in these days of meduced U.S. Maidaitary manpowe read 
emeaware, a great deal of attention 15 being focused on 
(eveloping the optimal military posture for future opera-= 
tions. One of the main factors being considered in devel- 
Same this posture is the United States' announced desire 
momreduce the number of U.S. troops and troop support fa- 
Grmereres on foreign soil while still maintaining the ability 
to respond with an adequate amount of military power to meet 
commitments to allied countries. Thus, a foreseeable pos- 
Srorlity is chee the U:S. might be called tipenwronmeeme recone, 
military aid to a country in which it has no land-based 
trao , or artillery, as was the case in the 
temanen and Dominican Republic crises of the yecent past, 
One of the concepts of future military posture which is 
Mier consideration is that of the Seabased Tactical Deter- 
momerorce (STDF). Integral to the STDF concept 1s the con- 
not the Small Independent Action Force (SIAF). Each of 


miese Concepts 1s discussed below. 


A. Se BAokUatACTI CAL DETERRENT FORGE 

litew sl would be required to have a multitude or eap. 
Peeiaties. Without defining all of the capabilities re- 
Guired, it can be summarily stated that the STDF would have 
ee combine the existing capabilities of an Attaek Carmier 
Striking Force, an Amphibious Task Force, a Naval Gunfire 


Support Force and an Underway Replenishment and Logistics 


eZ 


Force, while providing for its own defense as well. One of 
the most important requirements of the STDF, and the one 
which emphatically distinguishes it from other alternative 
concepts, would be the ability to strategically interpose 
combat forces in most areas in which conflicts might arise 
ween would seriously jeopardize vital U.S. interests. Thuis 
is not a new requirement, but it would enjoy renewed and 
Eeeanded importance under the STDF concept. The convention- 
al approach to exercising this capability which has been 
Msed Many times in the past has been to land large numbers 
of troops ashore by an amphibious landing to conduct massive 
Seemations to achieve a military objective. But with 
mrmeine U.S. foreign policy, such massive operations ap= 
eeemlicss likely. Alsc, cur experience im Sovine@et Asia 
has inspired new technology and concepts of amphibious war- 
meme. in the face of an insurgent force employing guerrilla 
warfare or similar tactics, massive amphibious operations 
eiecmerarely practical or productive. The effectiveness of 
small reconnaissance and combat patrols, such as the Small 
Independent Action Force (SIAF) patrols, in seeking out the 
insurgent forces has often been demonstrated. Thus, the 
insertion and support of SIAF patrols becomes a capability 


which the STDF must have. 


iB SMALL INDEPENDENT ACTION FORCE (SIAF) PATROLS 
AG this point in the discussion 1t 1S presumed Crate 
has been determined that the STDF concept is a viable means 


meimtcerposing U.S. military power, and the ability to imeerc 


ie3 





and support SIAF patrols 1s organic to jtie SRE ee Wreweo 
Powing question then arises: "What typeof Gpetrativemsed, 
ae SIAF patrols would be most effective in a limited war 
Situation if one arises?" Some high-ranking military o£- 
meets have expressed the opinionethat it mijehtebe taeric- 
ally advantageous in many areas to saturate an area of 
Peniced size with SIAF patrols. These patrols would be 
dispersed throughout the area with the objective to either: 

1. Reconnoiter an area where enemy strength and degree 
O@eeontrol is virtually unknown, or 

2. Seek out Known or suspected enemy forces. 

In either case, each individual patrol should typically 
bemwot short duration (a few days), small in numbers (4 to 1é 
Hem, denendent only on the STDF for Logistics and external 
Mmewemsupport, self-sustaining while actually on patrol, and 
capable of rapid and reliable communication with the STDF. 
ies primary mission envisioned for the SIAF patrols would 
be one which is essentially passive. The patrols would 
Scelmout enemy personnel, base camps, support facilities, 
€tc., but rather than actually engaging in combat with such 
mimeets, the patrols would call in air strikes or naval gun- 
meme from the STDF. Thus, the mission of the patrols is 


primarily reconnaissance/forward observer. 


., Oper ives OF THIS THESTs 
In this paper, a small segment of the overall operations 
analysis effort required to investigate the STDF and SIAF 


Bencepts 15 isolated and conducted. Specifically, the subject 
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under study is Naval Gunfire Support (NGFS), originating 
mroom the STDF, in support of SIAF"S ash0re im an insuneent— 
Gemeested area. The objective of the paper is tweed. 
I. Development of Computer Simulation Model 

A computer simulation model has been developed 
Pameen Simulates the actions of the STDF in providing NGES 
to SIAF's ashore. The model is designed primarily for in- 
vestigating the queueing aspects of providing NGFS. The 
femme tocus of attention is the time interval between the 
mame a SLAF calls for a mission to be fired and the time 
a ship commences firing the mission. No ascertainment is 
made of the actual results achieved when the mission is 
fared. the model is very flexible in design, allowing the 
Beeielaticin Of a wide varicty of Situations dcfined by usez- 
oeeeiitied inputs. 

me Fartial SIDF Feasibility Study 

Ateer the simulation model hacibeciedey. lo peda 
Pyoueal Situation in an insurgent-contested area was hy- 
pothesized, and the model was exercised to determine the 
optimum number and mix of various types of NGFS ships which 
would be required to adequately support the SIAF's ashore. 
Bemec Situations in different areas certainly vary greatly 
and may be more or less severe than the hypothesized situ- 
meiem. and since the simulation is restricted solely to NGFS 
emgeno other organic capabilities of the STDF (such as air 
meerkes), the results of the exercise Cannot be considered 


meeprovide any definite conclusion concerning the overall 


i 





feasibility of the STDF concept. However, the exercise 
provides an example of the use of the simulation model for 
meneneusers to follow when sa specificereal-lite situamuen 
Bender investigation, and it also provides some Insigmt 
fie the feasibility of a STDF providing NGFS in suppore 


memeoAr'sS ashore in an insurgent-contested area- 


Dr CeGaN. ZALLON OF THiS THESIS 

te development and use of the modell are discussed gian 
Mupomunesis. In the next section, the systems to be simu- 
imeeaeare described to the degree of detail necessary to 
mmeceruct the simulation model. Then, the mechanics of the 
model are discussed in sufficient detail to allow any user 
with a basic knowledge of NGFS and simulation techniques 
to understand how the computer program works. Next, the 
Method and results of a partial STDF feasibility study are 
presented and conclusions based on the results are dis- 
eusced. Finally, refinements and Beene of the model 


are discussed. 
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ecm ot one 


The primary system which is simulated can be identified 
femeaval Gunfire Support. In order to @amstruct aie src 
and useful simulation model, at least two other systems must 
wemnctuded in the simulation model. These are refueling 
maercarming of ships at sea and the conduct of SIAF patrols 
moueGe. kach of these Systems 1S described in this Seetion 


Siete paper. 


Ay. NavAL GUNFIRE SUPPORT 

iP NGES Shap Types 

Any U.S. Naval ship with installed guns is considered 

Capable of providing some degree of gunfire support to troops 
ashore. However, from among the many types of U.S. Naval 
Sees with installed guns, the only ones which can be con- 
Sigered to have NGFS as one of their primary duties are 
mamesers (CA, CL, CLG), destroyers (DD, DL, DDG, DLG), and 
battleships (BB). In recent years, certain types of ships, 
emeneas the Inshore Fire Support Ship (IFS) and the Medium 
Pormeret Launehing Ship (LSMR), have been built or converted 
with the specific primary mission of providing NGFS. How- 
ever, these ships normally do not have adequate cruising 
ranges and speeds to be considered as permanent elements of 
a STDF. There are no battleships in commission at the 
Bueeent time. Therefore, the only types of NGFS Ships con- 


Sidered in the model are cruisers and destroyers. 


7, 





2 semis tat le di yGunes 

All cruisers and destroyers have more than one 
type of gun installed, but each has one type which is con- 
eui@ered to be it's "main battery"’ for NGFS. For example. 
mmmeaVvVy cruiser (CA) normally has 6 8"/55 guns, 10 5'/38 
euns, and 8 3"/50 guns. However, the 8''/55 guns are con- 
Sidered to be the main battery and would normally be the 
fey ones used for NGFS, while the other guns are primarily 
Meredeas a backup and for self-defense in surface-to-air 
amamsurtace-to-surface engagements. In the model, each 
Saepets comsidered to use only its main battery for NGPFS, 
ime types of ships considered in the model and the main 


Bateery gun type of each [Reference 1] are listed below: 


Cruasens West rovers 

CA o755 DD (Fram I/IT) Soe 

CL Gaya DD (931 Class) Sa 

lee Gay ay DDG S754 
DLG Do 
DL 574 


Pirowehelme thas paper ,wa Gras rede wire Gaehomric a 
fee ship, a CL or CLG as a 6"/47 ship, etc. 
See fixing Procedures 
Procedures for calling for and providing NGposvany 
with the specific situation and local instructions. In some 
Situations ships might simply proceed to a firing position 
and fire upon a predetermined area without the assistance of 


spotters ashore. This is called harrassment and interdiction 
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(HG1) fire, but this @ype of fire 15 not emearsroncasiiine 
SUDP/SIAF concept: Tire type of firing whieh most, 
momoGccur in the STDF/SIAF situations Can be conside re dam 
mmest all cases tovadhere to the following chronofegical 
aomence of events: 
a. .-Callevien Fire 
A SIAF patmol détectsS gagmarcet ange raduosea 
memmest for NGFS to the STDF. This is referred to as a 
Beatietor fire'’, and will be abbreviated as CFF throughout 
iis paper . 
b. Ship Assigned 
The STDF commander or his delegated sutberdinatre 
Betermines which ship from among those available, if any are 
pomeeime ble, iS most appropriate to fire the missien and as- 


Signs that ship. This assignment is based on the following 


iaGLors : 

(1) Range to the target. 

(7) le pe One tne Lar cem, 

(3) Distance of each Ship from thevti nines poc um. 
Cen. 


Genssiened Ship Proceéds togriring Foci tion 
[he firing positionmébr ach mission 15 cComstderuced 
mempe the point along the ''gunline" which is closest to the 
mameet (the perpendicular distance from the gunline to the 
tameet). The gunline is a fictitious line in the ocean run- 
mime roughly parallel to the shoreline at a specified dis- 


tance from the shore. 


cs 





d= Assiconedeohnip Sets Up for inecricm 
After the assigned ship has reached the firing 

DOSItIONn . it fixes 1tS navigational spositronmandsreadres 
its gun and then reports to the SIAF that it is ready to 
iieice . 

e. Fire the Mission 

The assienedsship (commence smiainins Crmeamcmomal 
from the SIAF. After the first few rounds have been fired, 
EhesotAF observes the fall of shot and radios instructions 
mempene Ship to bring fire onto the target. This is called 
myeoeting’’. .When fire has been adjusted onto the target, 
miemonip continues to fire at a rapid rate until the SAF 
Gimeerves that the target has been destroyed or otherwise 
peereceavely enccuntered. The ship then ceases £ire and re- 
eumis tO a ready" status. 
4. Ship Operations When Not Firing 

Sips assiened to NGFo duties DUt Meteactuaiis wen 
Saeed in firing would normally remain in the vicinity of the 
Sunline in order to be able to respond rapidly when assigned 
momeeare a Mission. The specific area in which non-firing 
pimps WOuld operate would be specified by the SIDF commander. 
Peereduentiy used procedure is for non-firing ships to oper- 
ate On Or inside of a race-track type waiting pattern at a 
Mmereance from the gunline determined Dy considering the 
Gmaideotts between rapid response time and the need to Keep 
non-firing ships out of range of suspected enemy shore bat- 


teries. 
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B. REFUELING AND REARMING 

A definite limitation on the availability of NGFS ships 
is imposed by fuel and ammunition capacities of each ship. 
Under normal steaming conditions, a destroyer with a full 
load of fuel can steam for 3 to 4 days before it will be re- 
mbeeecd tO wrefuel, while a cruiser can Sstéam 5 £0 6 days. 
This assumes that refueling is required when the amount of 
tuel em board reaches 50% of ships capacity, a fairly com- 
mon criterion. To determine when rearming is required, the 
STDF commander would normally specify a minimum on-board 
ammunition level to which ships would be allowed to fall be- 
Pomoerearming. This level would be a function of the type 
Pio, cxpected rate of fire, and number of other ships 
present. 

Mesissmpessible that refueling and rearming requirememes 
Poul not impose a limitation on NGFS provided. This would 
be the case when other NGFS ships are available to tempor- 
mueiy replace ships which are required to refuel or rear, 
Game oen the duration of the operation is short enough that 


rearming and refueling should not be necessary. 


G SIAF PATROL PROCEDURES 

A very detailed computer simulation model of SIAF patrol 
actions has been developed by TRW, Inc. of Los Angeles and 
is described in detail in Reference 2. This model can be 
used for developing optimal patrol procedures and for deter- 
mining expected patrol results for a wide variety of friendly 


eMdeeneny Situations. In the model described in this tiesusy 


Zak 


mo attempt has been made to simulate specitic patuo aceon 
Manne the exception of patrol insertion -ecalls mademeom ene 
apr for NGFS, and’patrol extractiony Under thie SiUreeon. 
Gaye, a SIAF patrol would typically adhere to the following 
@emenological sequence of major events: 
i) Insertion 
The patrol is inserted into its assiened subarea os 
@@emoverall objective area. This insertion would normally 
be accomplished by helicopter from an LHA assigned to the 
STDF, but could conceivably be accomplished by other means 
such as paradrop or amphibious landing. Order and time of 
Mmisercion into the various subareas would be chosen such as 
toeyaeld the highest probability of achieving a tactical ad- 
vantage by surprising and confusing the enemy. 
fee atrol Maneuvers 
The SIAF patrol maneuvers within its assigned sub- 
mecamauctempting to locate the enemy and his support facil-=- 
memece while remaining undetected by the enemy. When targets 
Memeescated the patrol calls for NGFS or air strikes, if 
available, rather than actually engaging in combat with the 
ememy. lhe patrol would continue to maneuver within its as- 
meemed Subarea until extracted for one of the three reasons 
Prarcated below. 
ie extraction 
The patrol is extracted when one of the following 
Securs: 


a. A predetermined extraction time is reached. 


ZZ 





b: The patrol Teader considers that op eamnalamed 
coverage has been achieved. 

ec. Extraction is required because tiem aerelee 
peeectiveness has been significantly reduced by personnel 
Eeasualties. 

Extraction would normally be accomplished by heli- 


Opler. 


ie iii ENEMY SlTUATION 
Obviously, titewenemy siltation 1s 4) factor Wintechealia 
eeeearoe role in any study of NGFS and SIAF patrols. No 
memay Could ever begin without a reasonably accurate estima- 
moro: the size of the enemy force, 1ts locations, 1ts cap- 
memeeciecs, and its expected actions. fhese enemy factors 
pmemeuners are considered in great detail in the (RW SIAR 
ieeere. They are considered in the model described in this 
paper in the following ways: 
i “subarea Division 
Pevision of the objective dared 1mto pacroloune 
mueeicn 1s Dased on terrain features, expected enemy locations, 
aaa expected number and capabilities of enemy in each sub- 
eieeal 
eal Ton rire hate 
The real cornerstone on which the model depends for 
accurate estimates of the queueing aspects of NGFS is the 
expected rate of calls for fire in each subarea. This rate 


Hon Of Course, primarily dependent on the enemy density im 





each subarea. For a specific situation, thet@rr vaccmecon 
a particular subarea can be closely estimated by the TRW 
eexe model or Gan be predicted based on available ante lim 


Piemce . 


EN ASSUMPTIONS 

There are several general assumptions which are neces- 
Sary in modeling NGFS within the scope of this paper. These 
are discussed below. While each of these detracts from the 
realism of the model, it is considered that none of them 
feosutricantly detracts from the accuracy of queucing re- 
Sults. Other more specific assumptions will be discussed 
memeney OCCUrT in the description of the model in Section 
ell 

ime oLAF patrols remain within their assigned subanea 
Euroughout the time interval between insertion and extrac- 
meme and only detect targets in their assigned subarea. 

f= ihe enemy situation at the start of the operacion 
imeden Subarea remains the same throughout the operation. 

3. The enemy does not launch attacks against NGFS 
es, Or if he does the attacks are not successful enough 
Soemscienificantly reduce the operational capability of the 
Ship. 

tee oLAr patrols do not come under jenemy saetac son, aise 
mmey co the attack is such that emergency NGFS 1s not re- 
momered and the patrol's capability is not seriously reduced: 

5. <A SIAF patrol remains stationary at the same point 


mom the time it has called for a mission until the mission 








1S complete. This leads to the further assumption thas 
matrols spot only one target at a time, 1.€., while one 
Mssiton 21S in progressmihe patrol does not detectsany 
@emer targets. 

oe When a SIAF patrol is extracted from its assiemed 
Subarea, another patrol is not inserted into the area to 
replace the extracted patrol. 

f= SAF patrols do not sleep; at least, mo clement of 
moemmaacel specifically simulates a period of time during 
fimeenepatrols are sleeping. However, it can be considered 
that unusually long interarrival times between missions in 
a particular subarea could be caused in some instances by 
peeenmiod of time during which the patrol in that subarea is 


Steepine. 
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el LE MORE 


This section describes the model which has been devel- 
m@eed tO simulate the systems déscribed in Section 2). ete 
Simulation program is written in FORTRAN IV. It is not the 
Mieent Of this section to describe the entire program step- 
ieeesctep; but rather to describe the mechanics of the program 
Maeoutticient detail to allow any user with a basic Knowledge 
SeeNGrs and computer simulation techniques to understand what 
memoecing Simulated and to be able to use the model according 
Moms OWN input parameters, or to adapt certain Sections of 
mee program, it desired. <A generalized flow chart of the 
program is contained in Appendix A and the complete program 
Mstitp is contained in Appendix B. Numerous comment cards 
have been included in the program listing to facilitate un- 


derstanding. 


es PRELIMINARY DISCUSSION 
1. Variable Names 
Mnemonic variable names are used throughout the pro- 
pean to facilitate association between the names and the 
@m@amtities which they represent. 
Ze Measures 
Ala timeseim the program are measured 1m Where 
minutes and distances are measured to the nearest whole yard, 
unless otherwise indicated. In view of these measures, all 
Variables beginning with A through W are declared to be 4- 


byte integers. Whenever a calculation of an integer-valued 
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mime quantity is performed, 0.5 1s added to thesrecwi pec 
sulting in a truncated integer aceclrate within #5) minuecce 
a. Inputs Data- Gene marl 
Almost all numerical quantities used in program cal- 
Culations are read in at the beginning of the program from a 
data deck prepared by the user. The definition and use of 
each input variable is discussed as it appears in the model 
description which follows. A detailed guide to assembling 
mimcata deck is included in Section ITII.J. 
4. Random Numbers 
There are 14 points in the program at which random 
immoers are used for Monte Carlo-type comparisens or calenla. 
flens. Random number streams at eacn point are independent 
fea other points in the program. The random number gen- 
Paeeor 1S initialized by specifying any 14 odd five-digit 
numbers as input variables IR1 through IR14. KR is set equal 
to 65539 at the beginning of the program. Random numbers 
are then produced by the following calculation at each point 


@ reandom.number is required (IR1 is used for example): 


wel te 


IRl 
MeN = 055 + FLOAT(IRI) <= 2. S28 30Gb-10 
XRN will be a floating point random number uniformly 
ameriputed between 0.0 and 1.0 [Reference 3]. 
owe, Ldemitiricacion 
iiroushout the program ships are referred) tom, 
myeir type (1) and ship number (S). The four types of Ship 


emamcorresponding values of T are: 


| 





1 a= $SayasS. S01 pei Cru isen) 
2 = 67 a7 chap (cr uisew) 
3 = 5S"/S4eship (destxroyvem) 


4 = 5"/38 ship (destroyer). 


A maximum number of 9 ships of each type are pro- 
vided for, or a maximum of 36 ships. The number of each 
moc OL ship “present in the problem™ is specified by the 
input variables NR8&855, NR647, NRS554, and NRS538. ‘''Present 
iMmere problem’ refers to the number of ships present at 
Meotart Of the problem. The names of quantities which 
imemmelated to a particular ship are subscripted by the 
feipeiiimber and type in that order, i.e., UTIL (5,2) is the 
Eumbative total minutes that 6/47 ship #5 has been uti- 
imesede tor NGS. 

See unliform Distributions 

iiitere are several poings in the program wieremor. 
servations of a random variable from a uniform distribution 
Beeemade. In each case, the observations are generated by 


feenet the following formula: 


RV = MIN + XRN * (MAX - MIN) 


where RV is the random variable being observed, XRN 159 aenane 
dom number between 0.0 and 1.0, and MIN and MAX are the pa- 
rameters of the uniform distribution. 
/  eNuMber Oteltorations 
Thesuser specifies the number of itenatvons ofa 


proplem which he desires to use to obtain averaged results. 





Rhis number 1S specified as the anput variaele: NR len 
several trial runs of the program, NRIT = 10 was shown to 
Bemsoutficient for obtaining reliable results witha 
euvely narrow 95% confidence interval. However, increasing 
hieen will reduce the width of the confidence interval even 


further. 


Smeopecificationvot »CandsReadeneandebr i nites Loomer 


Unit Numbers 

AIT READ and WRITE Sstatemen&s in  thespme er anes omen 
Meamees Of the variables R and W as the card reader and prin- 
faeorocical unit numbers, respectively. AS written, the 
Peeeran specifies R = 5 and W = 6 at the beginning by the 
meeeement DATA R,W/5,6/. If the card reader and printer 
Bete dl Unit numbers at a computer facility on which the 
mera 1S to be run are not 5 and 6, respectively, then tne 
above DATA statement must be replaced by one which specifies 


eeaemappcropriate logical unit numbers. 


bee PROBLEM AREA 

inte nwtirst Stem in developing data tonethe model ois to 
define the problem area in terms of a coordinate system 
which can be specified to the computer. 

im Objective Area (OA) 

The OA is the overall area ashore in which SIAF 
patrols are conducted. The OA is divided into NRAREA patrol 
subareas, where NRAREA is an input variable specifying the 
number of subareas. NRAREA must be between 2 and 50. These 
subareas must be rectangular and the boundaries of each sub- 


area must be parallel or perpendicular to the boundaries of 


Oy ee ee ee 





all other subareas, and the northern and southern boundaries 
@eeeach subarea must be parallel to the gunlane. | Formsoune 
moses Of umazformaty it is Gonsidered that, all stbaream@benmd 
aries run north to south and east to west. The western edge 
of the westernmost subarea is considered to be the y-axis of 
aamex-y COOrdinate system (see Section II1.B.3 for exception). 
The distance of the eastern and western edges of each Sub 
area from the y-axis are the input variables EAST(NR) and 
WEST(NR), where NR is the subarea number. Subareas may be 
mumbered in any way desired by the user. 
eee Gunlane 

ihemweunline 15 a £2Ctitrous Straroheeeince meee 
feel, Darallel to a straight line oriented east-west which 
approximates the shore re. See Sections twes  < 2c @ 
femme rion of the gunline. The gunline 1s considered to be 
mim axis Of the x-y coordinate system. The distance of 
the northern and southern boundaries of each subarea from 
Miemounline are the y-coordinates of the subarea, specified 


Eyeetic input varzrables NORTH(NR) and SOUTH({NR). The y-co- 


Ememm@ave of the northern edge of the northernmost subarea 
must be greater than the maximum range of the longest gun 
mesent . 

be Nattine Pattern 


The area in which ships operate while not assigned 
memeaemission is defined by the user by appropriate specitica- 
tion of values of the following input variables: 

WTDIS - Perpendicular distance of the northern edge 


Meecne Walking pattern from the gurline 
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NSWAIT - The north-south lensth across the wartime 
Ppae cern 

WINW and WTNE - The perpendicular distance of the 
Mieeecrn and GCastern edgés, respectively, of the waitime par 
Bemmetrom the y-axis. (NOTE: If the western edge off thie 
Waiting pattern is west of the western edge of the OA, then 
the western edge of the waiting pattern should be used as 
mmeeyraxis (WINW = 0)). 

worouctitication of Problem Area Uetinitaen 

ltmes realized that the Schemevet proplem auca 
@erimtion described above does not exactly conform to most 
meoae-life Situations. For example, area boundaries would 
Meeeme conform to rivers or treelines and not necessarily De 


Seement tines. However, Straight iin 


Oo 
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fomeetd In this model should not significantly effect the 
auememme results if Input variables are properly specified. 
Figure allustrates a typical problem (area desined 


ijmeme coordinate system described in this section. 


4 EVENT CHAIN AND MISSION SCHEDULE 
The two principle mechanisms by which data is kept track 
mieand program control is exercised are the "Event Chain" and 
mem Mission Schedule". 
i bvent Chain 
The simulation uses the “next-event method otmerm. 
mavanee. At the beginning of the problem the statements 


Kk = 1 and CLOCK = EVENT(K) sets the problem timer to the time 


a 








20000 
2 
: 3 
15000 
10000 
5000 
Coastline 
0 . Gunline 
WTDIS ) aoe i 
a ae 7 
NSWAIT : | Waiting ( 
Pattern l 
WINW 0 “aan 4 
WTNE 


Example of Area Coordinates: 


NORTH(1) = 20000 True Problem 
seeei(l) = 13000 North North 
WEST(1) = 0 

EAST(1) = 8000 


Frewne 1. Typical Problem Area wiane 


32 





Meecne first event. This event 15 thenidarected eth ncn hee 
appropriate path of logic. When it has been completely pro- 
eessed the value of K is increased by 1 and the time is ad- 
mameed to the time of the next event. This process ais 
continued until an event with a time of 9999999 is the next 
event and the problem is terminated. Such an event is 
Smeatedwhen the generated time of the next call for fire 
fimeaesubarea 1S greater than the time of extraction of the 
Batrol from that subarea. 
a; “bwere Types 

There are four types of events considered in 
the program. ‘These are indieGatedmbywsene VyalictGpemencm, aii. 
able EVTYP(K) as follows: 

1: AmGalletor firestroneags! AF ip aeao 

2 ee NGES mission) comple tion 

we A semeduled refueling of a NGlSo ship 

/ - A completion of se fire lao ge amen oats 
combined refueling/rearming of an NGFS ship. 

Peeve ntorarameters 

The Event=Chain sactually consists of four parame 
eters associated with each event. These are stored in vector 
arrays with variable names as follows: 

Eve tie). Wi mes et Kth event (minutes from zero 
problem time) 

EV iyo) we lyperor Kth event (values IAW Section 
mie C.1.a) 

EVIMSN(K): If EVTYP(K) = ler 2, CtChemmeyi 


is the mission number of the Kt® event. Mission numbers are 


Tere 








assigned in chronological order (see next subsection). If 
Evy P(K) = 3 or 45 5then EVIMSN( = 0: 

REPSHRi(K) sel £ EMIYP Gh) = dons 2 , ehieme REPS riper) 
ome If EVFYP(K) =«3 or 4, then REPSHP(K) is™a™ two dion 
number representing the number and type of the refueling 
peor rearming ship, i.e., REPSHP(K) = 23 means 5/54 ship 
femes) Cither scheduled to refuel orghas compheted refueling 
ema, Or rearming. 

Ce SUD TOUTING VEN Tet: 

Bagh time a new eCventeas ccmeratvedsin Giese 
gram subroutine VENTCH is called. The arguments of VENTCH 
are the four parameters discussed above. S/R VENTCH inserts 
Miemmew event into its proper chronologieal ordér on the 
femme chain, and increases the event number of all sinceedine 
Evemes by 1. 

fee Mission Schedule 
iwiemis Shen checuilemnmennesemus a Cuneno loo lean 
listing of all NGFS missions which have been generated dur- 
mieeene problem. 
a. Mission Generation 

Keecall tO. tire represents. ay miss Om sat payee 
ievew of assumption 5 in Section*II.E., mission interarri- 
val times are represented by the time interval between the 
time the last mission in a particular subarea was completed 
pm@eethe time of the next mission arrival in that subarea. 
Mission interarrival times in each subarea are assumed to be 


Eeeponentially distributed with a rate which is indirectly 
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Beecified by the user in the following manner. | borecac mec. 
area, the minimum and maximum expected patrol duration (nun- 
ber of days from insertion time to the nearest tenth) are 
specified by the user as the input variables XSHORT (NR) and 
PEONG(NR). The program calculates expected patrol duration 


as 
XDURAT(NR) = (XSHORT(NR) + XLONG(NR))/2. 


bommecach subarea, the user also specifies the expected number 
Memeatls for firing during a patrol (1.e., during the time 
PwuRAT(NR)), as the input variable XCFF(NR). Then the pro- 


Memmcalculates the call-for-fire rate for each subarea as 


XCALRT(NR) = XCFF(NR)/(XDURAT(NR) * 1440) 


where the factor 1440 converts days to minutes. The arrival 
maeewthnen has units of calls/minute. 

Exponentially distributed imnterarrimwas | times 
Maemecnerated as follows [Reference 4]: 

imiemeunmulative distmibution funetunonmnor tic 


eespomential distribution is 


eo 


PitemeexX iS an interarrival time and »’} 1s the arrivai rate. 
eamee F(x) is a continuous probability between 0.0 and 1.0 
it can be replaced by a random number between 0.0 and 1.0, 
wayer. then 


-r\X 


r=l-e => x = -(1/X aati) 
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Soeeecauavalentily 


eo (nae 


Thus, -ALOG(XRN)/XCALRT(NR) is an exponentially distributed 
materarrival time of a call for fire in subarea NR. There 
are two points in the program at which calls for fire are 
generated. 

(1) First Mission. At the start of the problen, 
the time of the first mission to be called for in each sub- 


mime 1s calculated as 
FIRST(NR) = INSERT(NR) - ALOG(XRN)/XCALRT(NR) + 0.5 


where INSERT(NR) is the time of patrol insertion into subarea 
Lie Minutes from zero problem time. INSERT(NR) is an an- 
bumeevariabdle specified by the user. Zero problem time is 
G@efined as the number of minutes after midnight on the first 
iaemot the problem that the first partrol is landed in its 
assigned subarea. It is specified by the input variable 
BaeuR, ©The value of HHOUR is used in the program only to 
memvert times of calls for fire and mission completion to 
date-time-groups in the Mission History printout. 

These first missions are then placed on 
the mission schedule by setting MSNSKD(I) = FIRST(I) and 
arranging the elements of MSNSKD in chronological order by 
Bee ripplesort" technique. The first missions are then placed 
aethe Bvent Chain with parameters EVENT(K) = MSNSKD(1), 


EVTYP(K) = 1, EVTMSN(K) = I, and REPSHP(K) = 0.. 





(2) Next Missions. Each time a missiomers seam 
mpeecd, the time of the next call for fire vim thoae supa 


ms calculated as 
NEXT = CLOCK - ALOG(XRN)/XCALRT(AREA(E)) + 0.5 


peemes CLOCK is the present value of the problem time and 
AREA(E) is the subarea in which the mission was just com- 
meted. ThiS mission is then placed on the mission schedule 
by a routine which is similar to VENTCH but which is not a 
Semarate subroutine since it is only used at this one point 
in the program. Next missions are also placed on the Event 
Siam with appropriate parameters. 
b. Mission Parameters 

As with the Event Chain, the Mission Schedule 
Peemariy consists of 19 parameters which are assigned to 
eeememission. When a mission is first generated it is only 
esorened 2 parameters, MSNSOKD(1) end SAREA( 1) ee lhe orice ial 
parameters are assigned at various points in the program 
Peeeere CLOCK time has reached the time of the call for fire 
for the Ith mission. A discussion of each of the vector ar- 
rays in which these 19 parameters are contained and the way 
miewiich each is assigned follows: 

fl) “MSNSKD(T): Time of “calle fer fire tston ime 
1th mission (minutes from zero problem time) 

(2) AREA(I): Number of the sSubareavineyviren 
the Ith mission occurs 

(3) RANGE(I): Range from the fivime posaeren 


Memtne target of the Ith mission (the target's y-coordinate) 


Cy ae 





(4) EWTAR(I): East-west coordinate on tice ras 
Met of the Ith mission (the targets X-coordinate 
Although target densities vary in different 
subareas, targets are considered to be uniformly distributed 
meetin cach subarea. Therefore the target coordinates “ane 
calculated as uniformly distributed random variables between 
SOUTH(A) and NORTH(A) for RANGE(I), and WEST(A) and EAST (A) 
for EWTAR(I), where A = AREA(I). 
(S) TYPE(I): Type of target of the Ith mission 
There are four target types considered in the 
problem. These are: 
li; Many personnel” (20 or more) Sor spernsomics 
widely dispersed. 
2: Few personnel not wideiy @ispersed. 
5: ‘Heavy material objects (large bunkers se ancee 
Reawyerartillery, cee.) 
45" Light material objects (smal lebunkersseiccrpse 
Cree)... 
iivesprobability Of Cache hype nO tmramle ls Crecre 
the estimated percentage of all targets in the subarea which 
are of each type) for each subarea is specified by the user 
by the input variables XPROB1(NR), XPROB2(NR), XPROB3(NR), 
and XPROB4(NR). The sum of these four variables must equal 
Megetor each subarea. When a call for fire occurs, a random 
number is generated and compared with the cumulative target 
mype probability distribution for the area in Whi isGia et Mle ms sis 


Peron Occurs to determine the target type. 
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(6) MISTYP(I): Mission type of the Ith mission. 
mijas type refers to the types of ships whieh may be@ascuenea 
to fire the mission, as will be discussed in Section III.D. 

(7) TYPSHP(I): Type of ship asstened@to fire 
the Ith mission. 

(S$) SHIPNR(1);: Number of the Shap “assitenedare 
fire the Ith mission. 

The ways in which parameters (7) and (8) are 
memeoned are indicated in Sections III.E. and III.F. 

(9) TRAVEL(I): The time interval between the 
time a ship is assigned to fire the Ith mission and the time /% 
eae ship moe at themerrine pesition, 

(10) SETUP(I): The time interval between the 
Me@emene assigned ship arrives at the firing position and the 
menemene first round is fired. 

(Clee CT ee Tine. bine Seite ee en ee 
mmiewthe £Lirst round 1s fired and the time the last round 
ioeiired, 

Gizmos kVC(l): Tetal ser mleem encore nc rth 
Pease ron. SERVC(I) = TRAVEL(I) + SETUP(I) + FIRE({I). 

(13) AMMEXP(I)}: Number of rounds of ammunition 
expended in firing the he Ons Ss rome 

Parameters (9) through (13) are all computed by 
B@preutine SERVIC, which will be discussed in Section III.G. 

(TQ esTSHi (iy: The time Deewcen = emcmea imme 
fire and the time the first round was fired for a mission 


which required no queue time. FSTSHT(I) = TRAVEL(I) + SETUP(TI). 


oe 








(15) FSTSHO(1I): Same as FS?SH7 (1) £o paaemaiscaem 
Daehn required queue time. FSTSHO(1) = QPRME(1)) + Tea eae 
Paoree (1). 

(16) JOINQ(I): The time the Ith mission joined 
the queue. JOINQ(I)} = 0 if the Ith mission required no queue 
ine . 

(17) LEAVEQ(I): Time the Ith mission left the 
queue. LEAVEQ(I) = 0 if the Ith mission required no queue time. 

(18) QTIME(I): Amount of time the Ith mission 
was required to wait for assignment of a ship to fire the 
mission (queue time). QTIME(I) = LEAVEQ(I) - JOINQ(I). 

(19) MSNCMP(I): The time at which the [th 
Hteeton was completed. MSNCMP(I) = MSNSKD(I)} + QTIME(T) 


Beoprve(l). 


Ie, SHIP ASSIGNMENT DOCTRINE 
ime types of Ship Assignment Doctrines 

There are two types of ship assignment doctrine 
available to the user. These refer to the decision process 
Wemeietne SIUF commander uses to determine which types of 
Ships from among those “present, In the Problem sare appro- 
Paemaec tO fire a particular mission. The type of ship as- 
Signment doctrine is specified by the input variable ASNDOC, 
mamen has values defined as follows: 

1; “Any ship with guns of adequate range May fire.” 
The target range is the only consideration in determining 
which types of ships are appropriate to assign to fire the 


mission. 
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Zi “Best effect on target. Bothmianec tee 


amd target type are considered in determining which types 
of ships are appropriate to assign to fire the mission. 

When vo NDOGy = -2 ise Uscd une following rules {come ra 
mere determination of appropriate ships: 

y 1. Heavy material targets (type 3) may only be 
fired at by 8"/55 or 6"/47 ships, unless there are no 8''/55 
ome /47 ships present in the problem or there are no 8/55 
fiose present and the target is out of range of a 6/47 gun- 
The reason for this rule is that 8"/55 and 6''/47 shells have 
a considerably higher explosive power than 5"/54 or 5/38 
Shells. 

Z. Personnel targets (types 1 or 2) may only be 
fmeeremat by 57/54 or S'/38 shins and a 5"/54 ship as vreter- 
ime due to its rapid rate of fire, unless there are no 
meee or 5'/38 ships present, or the target is out of range 
mets /54 gun, or there are no 5"/54 ships present and the 
mareet is out of range of a 5''/38 gun. 

mee Slission Types 

Regardless of which assignment doctrine is used, 
each mission is assigned a mission type number (MISTYP(I)). 
This number indicates what types of ships, from among those 
Present in the problem, are appropriate (eligible) to fire 
the mission. There are 8 possible values of the variable 


Pest yYP(1), as follows: 
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MISTY? (1) Type Ships Evol le soeraEc 


1 Sas 

2 SSS, Oley 

3 5/54 

4 5) / oo 9S 

5 Any 

6 819/55, Omed 7 3057 54 
7 SY 7 Soe eo 

8 None 


3. Maximum Gun Ranges 
Mite Taximumn range Of G€ach type sunwine ticeproumcm 


mepcopeciiied by the user as the input variables MAX855, 


MAX647, MAXSS54, and MAXS38. The maximum range of the longest 


mapemot FUN present is also specified by the input variable 
iewwice, Due to the construction of the model there are two 
Begemerements on these quantities: 

‘1.  MAX855 < MAX554 < MAX647 < MAX538, unless no 
feo Or a particular type are present (1.e., 1£ NRS54 = 0, 
then MAX554 = QO). 


2. MAXNGF < MAX {NORTH(NR) } 
NR 


In view of the first requirement, the only type of 
mmssitons which will occur if ASNDOC = 1 are 1,5,6, and 7. 
Any of the types 1 through 7 may occur if ASNDOC = 2. A 
type 8 mission will never occur if the second requirement 
/meesatistied. If a type 8 mission does occur, the message 
"A TYPE 8 MISSION HAS OCCURRED IN AREA___'' will be printed 


out and the program will terminate. 
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4. Warning Concerning Use of Ship Assignment Doctrine 2 


Assignment doctrine 2 has ene derinitewsnoneeo ne 
Meeonly considers which @ypes of shaps are present i dene 
problem, not which types are available to fire at the time 
mecemission 1s called for. Thus, a situation could OGeUlE 
miewmich the only types of ships appropriate to fire a 
Meesstonm are off-station for rearming or refueling at the 
Mmimesthe mission is calléd for. Then the mission would be 
Tequired to wait until one of these ships returns before it 
[imerred although other ships with guns of adequate range 
Wectepe avallable probably, resulting in an unacceptably 


mamee amount of queue time. 


ei BHIP AVAILABILITY 
After a mission has been assigned a mission type in ac- 
mema@ance With the rules of the specified assignment doctrine, 
eiieteutine AVAIL is called enee fOr Caen ty peer cl toe nebo 
mmemtceible to fire the mission and present in the problem. 
ivemareuments of AVAIL are the number of ships present of 
meiemiype being considered, and the type of ship being con- 
sidered. 
ie otp Status Cat 
Mhevwstatus of €ach ship in the problemas maineamed 
Dy the variable STATUS(S,T)}, where S is the ship number and 
Memcethe ship type. There are four possible values of 
Peeeius(S,T), as follows: 
Pompe avaliable for dassilenmenc. 


eeeponhip presently assigned to a mission. 








3: Ship presently refueling, or ima ‘refuel ateeem 
mission" status, or engaged in a combined refueling/rearminge. 

4: Ship presenely reanmane- 

i GIG LOT (OReAVall Lab bevohips 

thes seriessot callsvon AVAIL for each mission sien 
emees in a vector (VAIL) of ships of types appropriate for 
the mission for which STATUS(S,T) = 1. The values in this 
Meetor are two-digit numbers with the ship number as the 
Peeseedadigit and ship type as the second digit. For example, 
Weil = 23 means that the first ship checked whicn was 
available was 5/54 ship #2. S/R AVAIL also keeps a tally 
fee number of Ships which are available to fire the ms- 


sion. This tally is the value of the variable KOUNT. 
3. Assignment oc OSC S camo Mees 

After the vector of available ships is obtained Dy 
mueeseon AVAIL, control is returned to the main program,” If 
Rem’ = 0, the mission joins the queue. If KOUNT > 0, then 
miemaistance Of each ship in the vector VAIL from the firing 
fesmuren 1s determined in the following manner: 

Been available ship is considered to be at some 
mimcdem point in the waiting pattern. For each ship, its 
Mestance from the firing position is calculated as a unl- 
memmly distributed random variable between the minimum pos- 
sible distance (MINDIS) and the maximum possible distance 
(MAXDIS). The method of calculation of MINDIS and MAXDIS 
meindicated in Figure Z. 


thecelosest ship is then assigned to fine tne wi. 


om. Thus 15 done by the followins calculations: 
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TYPSHP (I) 


MOD (VAIL(JD), 10) 


HULLNR(I) = VAIL(JD)/10 


5 | 
mere JD is the position in the vector VAIL of the Closest 


ship. 


Fe iret QUEUE 

Wiesqueue in the model consists Of these missions tor 
Mien the time of call of fire is less than the current prob- 
lem time (MSNSKD(I) < CLOCK) but to which a ship has not yet 
MeemeasSigned. Thus, missions in the queue are referred to 
as "awaiting assignment". 


i, Joining thes @ueuc 


A mission joins the queue when no ship appropriate 


called for (KOUNT 0). Mission numbers of missions awaiting 
assignment are maintained in the vector Q. The current num- 
ber of missions Sneeeains asSignment 15 Maimtaimed Oy” Cie wwesans 
able INQ. In view of the assumption stated in paragraph II. 
D.S, the maximum possible number of missions in the queue is 
Eaual) to the number of patrol subareas. 
me Leaving the Queue 

A mission leaves the queue when an appropriate type 
ship becomes available by having completed another mission or 
having completed refueling and/or rearming, and there are no 
other missions ahead of it in the queue which are waiting 


for the same type of ship. Each time a ship becomes avail- 


able and INQ > 0, each mission in the queue, beginning with 
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@(1) 1s checked to see 1£ the available ship 15 apencpreniee 
to that mission. AS soon as one 1S located, that mission is 
removed from the queue and all other missions following it 
are moved up one number in the queue. 
eee Qucuc Dascipilame 

ieenre are tweety pes oLpeuucuc disGilpl ine savall ae re 
memene user. Ihe type desired is specified by the input 
mtemaple ODISC, which may have the following values: 

ieebanst-come finstase rved: 

7:3 Personnel missions have proms - 
itemuse Of QDISC = 2 places type 1 and 2 missions ahead of 
merero and 4 missions in the queue. There 1S no priority 
mermarronship between type 1 and 2 missions. Note that 


vice-versa 


" 


OPiSsG.= 2 should not be used when ASNDOC = 2, © ; 


Since ASNDOC = 2 only allows 5"/38 ships to fire personnel 
imi'jserons. There 1S no provision in the program for missions 
fmemeare already in progress (1.e., a ship has been assigned) 
Eemecepreempted by any other mission. Thus, once a ship 1s 
fesmened to fire a mission, it is not available for any other 


iessron Until that mission 1S completed. 


G. SERVICE TIME 

Each time a ship is assigned to fire a mission, subrou- 
meen oeRVIC is called to calculate the service time for that 
mession. The arguments of SERVIC are type of ship assigned, 
manrget type, target range, mission number, and distance of 
assigned ship from the firing position. S/R SERVIC calcu- 
lates the total service time of the mission and amount of 


ammunition expended during the mission. 


i 1otal Semyilece hiner cohR eGo 


There are three components of total service time: 
a. Travel times (TRAVEL) )) 

Travel@timesas the time Tequiseed stor semcess maine 
to reach the firing position after it has been assigned. It 
1s calculated in one of three ways. 

ey ship Coming trom) the Wal Gaiagee dine Cees 
the assigned ship was assigned by virtue of having been the 
€losest available ship of appropriate type at the time the 
Mission was called for, then its travel distance is the dis- 
tance calculated by the method described in Section JII.E.3. 


(2) Ship Having Just Gompleted Angee mr Miss iome 


iments case the travel distance 1s the distance along the 


Pmerme Oetween the two Firing positions. This distance ie¢ 
RUN = IABS (EWTAR(E) -EWTAR(P}) 


where E is the number of the mission just completed and P is 
the number of the new mission to which the ship has been as- 
Signed. 

(3) Ship Having Just Completed Rerucling sane om 
Rearming. A ship is considered to have completed refueling 
and/or rearming when it returns to a position midway between 
the northern and southern edges of the waiting pattern and 


Gmiewsouth of the firing position. Then travel distance is 
RUN = WTDIS + NSWAIT/Z. 


Regardless of which of the above methods is used 
memcaleulate travel distance, S/R SERVIC calculates thavel 


time as 


ALS 





TRAVEL(I) = DIS/(SPEED * 33.33) 


mere DIS is the appropriate travel distance, SPEEU ms jan 

input variable which specifies the speed (in knots) at which 

mimes proceed to the firing position, and 33.33 is a factor 

Pamen converts knots (nautical miles/hour) to yards/minute, 
Dee octup Fime (SETUP (CL) ) 

Mis 1s the time trequi red (10 pase manamnt Oost icine 
Navigational position and ready its guns after it has reached 
the firing position. S/R SERVIC calculates setup time as a 
uniformly distributed random variable between the minimum ex- 
Me@tea setup time (MINSET) and maximum expected setup time 
Wesel), where MINSET and MAXSET are input variables spec- 
meted Dy the user. 

Gu fitrine fime (FIRECr) > 

Actual firang time as the time ineerval peevecan 
mreoetame the first round is fired and the time the last round 
is fired. For each mission this is considered to be an ex- 
ponentially distributed random variable with a mean which is 
meme t1on of the type of ship firing, the target type, and 
miewtarget range. 

(1) Mean Firing Time Due CO Hapee eenaicc mmc 
meceron of the mean firing time whieh LS duUe@w EO eEne Seana 
mamee is considered to be a linear function of the target 
mame. This portion is calculated as RANGE(1)/DENOM(J,K), 
where J is the type ship and K is the target type. The 
mimes of DENOM(J,K) are specified by the user for each pos-= 
eible combination of ship type vs. target type. Thus, DENCH 
is a 4 x 4 matrix. 
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(2). Mean, Firing Time Due wtemilarce Gti o> ees 
@uentity 1s specified by the user as FIRTIM(J,K) where J as 


Bhewship type and K is the target type. Thus, FIRTIM is 
miso) a 4 x 4 matrix. 
The mean of the exponentially sdistribucedstt ema 


mie ewroer €ach mission 1s calculated as 
MU = RANGE(I)/DENOM(J,K) + FIRTIM(J,K). 
ieitemerore, the firing time for each mission is calculated as 


FIRE(I) = -MU*ALOG(XRN). 
fuer travel, setup. andes tt ring eines Mave cen 


@eeculated, total service time is calculated as 


SERVGiGio) = TRAVEL([) + 3S Eee) SURE Ge 
Pee nation Expenditure (AMMEXP(1))} 

S/R SERVIC also calculates the amount of ammunition 
expended during each mission. The user specifies the minimum 
(MINAMM(J,K)) and maximum (MAXAMM(J,K)) expected rounds of 
mM tron expended per minute by ship type J firing against 
imimeeet type K, These values should take into account the 
average rounds per minute over an entire mission, i.e., the 
Pmorerate of fire at the beginning of the mission and the 
moma rate of fire after the fire has been spotted onto the 
target should be averaged. Therefore, MAXAMM(J,K) should 
normally not be the maximum attainable rate of fire by a 
type J ship. 

The number of rounds of ammunition expended per minute 
mOr each mission is calculated as a uniformly distributed 


random variable between MINAMM(J,K) and MAXAMM(J,K). Therefore 
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the number of rounds of ammunition expended during the [th 


mession is calculated as 
AMMEXP (I) = (MINAMM(J,K)+XRN* (MAXAMM(J,K) -MINAMM(J,K))) *FIRE(1) 


miome J 1S the type of ship and K is the type of target. 


EL: REFUELING AND REARMING 

The user has two options available for taking refueling 
and rearming of ships into account in the problem. The op- 
tion desired is specified by the input variable REPPOL (Re- 
plenishment Policy), which has values defined as follows: 

ioe ohips do not refuel or rearm. 

2: Ships refuel according to a predetermined schedule 
and rearm when their on-board ammunition level reaches a 
specified minimum level. 

The case in which ships do not rearm or refuel would 
arise when enough ships are available to replace ships which 
are required to depart for refueling and/or rearming, thus 
the departure of the affected ship would not effect the 
queueing results. 

Tf REPPOL = 2, refueling and rearming is handled in the 
following ways in the program: 

im Retrueling 

ae Methods of Establishingwaeciuc (une seme aul 
The user establishes a refueling schedule for 
meieships for the entire duration of the problem. There gare 
two options available for establishing this schedule. The 
desired option is specified by the input variable REFSKD, 


Which has values defined as follows: 


a | 





1: The user specifies the exact time of each 
pencduled refueling for each ship. Fer each) typesomesmmceges 
Bata Gard is prepared which contains the floating point time 
minedays from zero problem time to 2 decimal@places) that 
memimschip of that type is to depart station for its first 
scheduled refueling. Similar cards are prepared for the 
Bice ord, and up to the 9th scheduled refuelings for ships 
of each type. These refueling times are the values of the 
memaole XFULSK(I,J,K), where I is the ship number, J is 
miemeomip type, and K is the number of the refueling. The 
feral number of rounds of refueling 1s specified by the in- 
fieevariable FINFUL (must be <9). Thus, there must be 4 x 
Meveeiieecards in the refueling schedule data deck. The pro- 
meame converts these scheduled refueling times to minutes 
fPuem zero problem time and places them on the Event Chain in 
fmiemoroper chronological order. 

2: The refueling schedule scheme discussed 
mipove 1s replaced by a simpler (although less flexible) 
scheme. The entire schedule is specified on one data card. 
The first five quantities on the card are the floating point 
[mes (in days from zero problem time to 2 decimal places) 
mite the first cruiser is to depart for its lst thru 5th 
memecguled refueling. These are specified by the input vari- 
mes XCRFST(I), I = 1 thru 5. The next 5 quantities are the 
times the first destroyer is to depart for its lst through 
mele scheduled refuelings. These are specified by the input 


variables XDDFST(I), I = 1 thru 5. The last two numbers are 
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the time interval in minutes at which succeeding cruisers 
and destroyers follow the first for refueling. These are 
Beecified by the input variables CRINT and DDINT. The pro- 
eam then calculates a refueling schedule for the entire 
Summation of the problem using these parameters. There are 
several rules which must be followed in the preparation of 
the refueling schedule data cards. 

ace FOEships whiten ane =iommp hes.cl feelnu time 
problem, the appropriate columns on the data cards should be 
Mert blank. 

Daseit REFSKD = Ie fer ships wisgeheare preseme 
Mmeeene problem but are not scheduled to refuel FINFUL times, 
meearee number (99.00 for example) must be inserted in the 
MemGopriate coiunns on the data cards. 

C. If °REFSKD = 2 and less@uhameftive roundsror 
Meercling are to be used, a large number (99.00) must be in- 
serted in the appropriate columns on the data card. 

deo leer okD = I andeneeships oman pamemetlar 
mm@emare present in the problem, a blank card must be in- 
Memeccd in the data deck in the appropriate place for each 
memid Of refuelings. 
Examples 
meee) = 1: The expected duration of the problem is 10.0 
days. NR855 = 2, NR647 = 0, NR554 = 1, NR538 = 2. It is 
desired that the cruisers refuel on the sixth day and the 
destroyers refuel on the fifth and ninth days. Then typical 


metlues of XFULSK(I,J,K) would be 
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Perst Card F ii thenG@ard 


MewiGok(1,1,1) 495.50 XPULSWGE 2) — 9omn0 
PeeULSK(2,1,1) = 5.75 XFULSIK@2Z5eiee2) = 9900 
Third Card Sevenin Cara 

ewok (1,3,1) = 4.25 ARULSN(l Ss, 2)2 =) S25 
mourth Card ) Eighth Card 

PEULSK(1,4,1) = 4.50 XFULSK (ie) = e850 
MeWULSK(Z,4,1) = 4.75 REULSN(2 452) = aoe / 5 


FINFUL = 2 (2 rounds of refueling). Therefore there would .- 
be 8 data cards, of which the 2nd and 6th data cards would 
be blank since NR647 = 0. 
merokD = 2: For the same situation described above, the fol- 
Tering values on one data card would produce the same schedule 
as above: 

meRror(l) = 5.50 MODEST (y= oes 

MeRrST(2) thru XCRFST(5) = 99.00 XDDFST(2Z) = 8.25 

CRINT = 360 NODES T Cole tinu 

PDEs legs ye — oor) 
DDINT = 360 
b. Latest Fueling Time 
The program calculates the time of extraction 

Of each patrol from its subarea as INSERT(NR) plus a uni- 
formly distributed random variable between XSHORT(NR) and 
XLONG(NR). The latest of these extraction times is stored 
Menthe variable MAXTRC. In computing the fueling schedule 
according to user input parameters, no refuelings are placed 


On the Event Chain which have a scheduled time later than 


MAXREF = MAXTRC - NOMO, where NOMO is an input variable 


_ {ae CA 


Merci tied by the user. MAXREF is defined as the Datest time 
Mmat ships will depart for refueling. For example, if it 
meedesired that no ship depart for refueling later than 6 
hours before the latest anticipated extraction time, then 
HOMO = 360. 

ne ~Rearming 

MMeEwUSerespeciftes Severabeinpuc Vagablecm 1 ch 
are used to determine when each ship requires rearming. These 
Miput Variables are defined as follows: 

iweemi(S,1):  Thewinitral anmmunmitiow levem (rounds 
mar DoOard) of ship number S of type T. 

MINAMM(J,K) and MAXAMM(J,K): Defined in Section 
mr. G.2, 

MINLEV(T): The minimum ammunition level to which a 
mupeot type T is allowed to fall before it is required to 
rearm. 

Each time a mission is fired, ammunition expenditure 
for that mission is calculated by S/R SERVIC as discussed in 
Meeeton I[11.G.2. This amount is subtracted from the current 
Semunition level of the ship which fired the mission, as fol- 


lows: 
a 
AMMLEV(S,T) = AMMLEV(S,T) - AMMEXP(I). 


If AMMLEV(S,T) < MINLEV(T), the ship is sent to rearm. 
3. Rearming and Refueling Completions 
ae —Remie den ¢ 


When an event for which EVTYP(K) = 3 (scheduled 


Berucling) occurs, the status of the scheduled ship is checked. 





mamune ship is presently firing a mission (STATUS(S,T) = 2Z) 
meets placed in a "refuel after mission” status (STATUS(S,T) 
= 3). If STATUS(S,T) = 1, the ship is sent to refuel im- 
Meemately. in either case, the time of completion of fueling 
is calculated as follows: 

The user specifies the minimum and maximum ex- 
Seeced lengths of time that it should take for a cruiser and 
a destroyer to refuel. These are the input variables MINFLC, 
MAXFLC, MINFLD, and MAXFLD. These times should take into 
meeeunt travel time to and from the rendezvous point as well 
as time alongside the oiler. For example, if it is planned 
that ships will rendezvous with the oiler at a point 20 
miles from the center of the waiting pattern and will proceed 
meee rendezvous point at 2 speed of 20 knots, and that a 
Meeeroyer should require 30 to 60 minutes alongside the 
Oiler, than MINFLD should be 60+30+60 = 150, and MAXFLD 
Should be 60+60+60 = 180. 

Pic time of Tcompletiton of rerueline (Ce IFUL eas 
meetibated as CLOCK time (the time the ship departed for re~ 
fueling, either after a mission is completed or at the sched- 
uled refueling time) plus a uniformly distributed random 
Variable between MINFLC and MAXFLC for cruisers, or MINFLD 
and MAXFLD for destroyers. COMFUL is then placed on the 
Bvent Chain. 

be Rearming 
Completion of rearming (COMARM) is handled in 


the same way as COMFUL except that the parameters of the 
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mmiform distribution of rearming time are MINARC, MAXARC, 
MINARD, and MAXARD, specified by the user with the same 
considerations as the refueling time parameters. When 
COMARM is calculated, the rearming ship's ammunition level 
merevy(S,T)) is set equal to its initial ammunition level 
(INAMM(S,T)). 
c. Combined Refueling/Rearming 

When a ship which is scheduled to refuel is 
Orf-station for rearming at the time the scheduled refueling 
occurs, then a refueling time calculated in the manner de- 
scribed above is added to the previously calculated COMARM. 
Brom this time, the input variable COMBO is subtracted. 
COMBO is defined as the amount of time off-station saved by 
Bemeuctine both refueling and rearming in the samé evoiu- 
meee thus, it should be approximately equal to the time 
for a one-way trip from the ammunition ship to the waiting 
meeetern plus the time for a one way trip from the waiting 
meetern to the oiler, minus the time required to travel from 
the ammunition ship to the oiler. COMBO must not be greater 
than MINFLD or MINFLC. 

The previously calculated COMARM is removed 
from the Event Chain and the new time of completion of com- 
bined refueling/rearming (COMREP) is placed on the Event 


enain. 


ft. OUTPUT DATA 
meouLput of the program is well-formatted to facili- 
mace reading and interpretation. Each type of output is dis- 


cussed belcw. 





Pee biantcout of Inpucwata 


APprantout of the suser—spec inca ic Sano meshl oO 0mO.: 
the input variables is produced at the beginning of the out- 
mat data. Appendix C contains an example of this printout. 

Pe Mission History 

The Mission History is a chronological list of the 
ieemost significant parameters assigned to each mission dur- 
maeea particular iteration of the problem. There are three 
meerons available to the user concerning the Mission History 
Meancout. The desired option is specified by the input 
variable MISHIS, which has values as follows: 

im “No Mission History “pmimtoutwcesi red. 


Mme PIntouL iasstom History fom the firsemtenracion 


See rintoummSSTONN LS tOm tO Cac te hatnon: 
Mrentime of call for fire and completion of each mission are 
memverted to date-time groups in the Mission History printout. 
meer st | or 2 digits are the problem day and the last four 
digits are the 24-hour clock time. 

Appendix D contains an example of the Mission His- 
mery printout. 

eee Statistical Results for E@ch Iteration 

Rev meaGhe ll tcomarl ON veda pial lOUtueOmetuc Perrine nt 
queueing, ship utilization, refueling, rearming, and ammu- 
Mition expenditure statistics is available. These are the 
mesults for that iteration only, they are not cumulative 


myer all iterations up to that point. The user specifies 
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whether printout of iteration statistical results is desired 
by the input variable ITSTAT, which may have the following 
values: 

1: Printout of iteration statistical resuits is 
desired. 

2: Printout of statistical results for each itéra- 
eon is not desired. 

Appendix E contains an example of the printout of 
iteration statistical results. 

me, Overall Statistical Results 

After all NRIT iterations of the problem have been 
eempleted, a printout of the pertinent overall statistical 
Mesultcs is produced. This printout includes the mean and 
Miemetendard deviation of the mean for each quantity excent 
Heaeretueling, rearming, and ammunition expenditure data, 
memewhich the mean only is printed out. 

PiMeconputingecLhe Mealeand themstandancaudevwiat lon 
feameme mean of the quantities in the overall statistical re- 


mats, the following formulas are used: 


WL > 
X. 
X : 


o< I 
i 
ie 





where x, is the result of the 1©™ iteration and n = NRI7. 
Using the means and standard deviation from the 


Bverail statistical results for NRIT iterations, confidence 
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amtervals for the actual value of each output quantity can 


meecalculated using the following formula: 


(n-1) (n-1) 


l= a) 20 Sen alee yp 


4 Il 

‘ 

Q 
os Ml 


where x is the observed mean, oF 1S the observed standard de- 
viation of the mean, and ae 1s ¢he value from ay tape 
meevalues of the Student's-t distribution with n-1l degrees 

of freedom at the (l-a)/2 level of significance. a is de- 
memed as the probability that the actual value of the quan- 
Meee lies outside of a confidence interval calculated by 
Meemapove formula. Therefore (l-a}) is the degree of con- 
mraence with which statements concerning the actual value 
Memtie quantity can be made. 

Example: 

uw = AVERAGE WAITING TIME PER MISSION 

meeicerations of a problem yield x = 20.0 and OSs 0 wee wie 
mmeeencesires to be able to predict with 95% confidence the 
interval in which the actual value of AVERAGE WAITING TIME 
Bere tSslON lies based on these results of 19 iterations. 

A table of values of the Student's-t distribution shows 

toa aeeezO. therefore, it can be stated@with 95% con- 


mrcaence that 


20.0 -(1.00)(2.26) < uw < 20.0 +(1.00) (2.26) 


or 
17.74 < AVERAGE WAITING TIME PER MISSION < 22.206. 
Mependix HF Gentains amcexanple Of che princouc son 


meeral!l statistical results. 
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a INPUT DATA - DATA DECK 

mis section lists all input varraptes im the datasdee 
myecard and column number(s). For each variable the follow- 
mae information is listed: variable name, subsection of 
section III in which the variable is described, the FORTRAN 
variable type, the maximum possible value which can be as- 
signed, and the units of the indicated quantity. All quanti- 
ties must be right-adjusted within their appropriate columns. 


ieee First Card: Miscellaneous Problem Definition Vari- 


ables 
Cols Variable Ree Gellec Type Maximum Units 
= 2 NRAREA ib aoe WZ 50 Subareas 
5 NR855 A.S re Sona ys 
4 NR647 A.S eh 9 Ships 

NRS54 ae ii 5 Ships 
6 NRS38 eS Il 9 Ships 
iil MAX85S5 Be & iS 99999 Yards 
72-16 MAX647 B25 1S 99999 Yards 
17-21 MAXS54 D.3 15 99999 Yards 
a - 26 MAX5 38 D5 is 99999 Yards 
m7 - 31 MAXNGF Das IS 99999 Yards 
2-38 WINW bes nay 9999999 Yards 
B9-45 WINE Be 17 9999999 Yards 
46-51 NSWAIT Be 16 999999 Yards 
2-57 WTDIS bees 16 999999 Yards 
58-59 SPEED Gwin a 12 99 Knots 
60-61 MINSET G.1.b 12 99 Minutes 
B2-;63 MAXSET Cole 12 99 Minutes 
64-67 HHOUR Cx22a-(1) 14 1439 Minutes 





Zee second Candsea Program eContnor inGwmeacors 


mols Variable Reference Type Maximum Units 

1 ASNDOC eel jal 2 --- 

2 ODLSG eS a 2 -<- 

3 REEPOr H Te 2 fers 

4 REFSKD el I1 2 === 

5 FINFUL lew Il ORO Una Sons 
Resue fans 

6 MISHIS 1 dl 3 ce 

7 es TAT Las Il 2 ie 

8-10 NRIT eeey lis 999 Iterations 


peeve xt NRAREA Cards: Subarea Information Cards 


Oncmeana aS Prepared GOr cacn Patrol subanc a etiaige 
mre placed in the data deck in order of subarea numbers. NR 
ms the subarea number. 

Cols Variable Reference Type Maximum Units 

7 NORTH(NR) B.2 Ly 9999999 Yards 

5-14 SOUTHCNR) B.2 ry 9999999 Yards 

i -21 EAST (NR) Bien! 17 9999999 Yards 

2-28 WEST (NR) Bet 17 9999999 Yards 

Eo - 33 XCFF (NR) Cate ome 999.9 Missions 
54-38 PenORT(NR) C.2.a leno eee 999.9 Days 

59-43 MEONGINE)) ~ Gi2aa oe 999.9 Days 

44-49 EVSERT (NR °C 02 sa. (1) 16 999999 Minutes 
BO-54 Pee ROBIN eG, 2.5 Oren 5) Roe 00" Probab Wiikey, 
Bo -59 PEe-ROBZ(NR) °C.2.5.(5) ee 0 Oe OOo ete, 
60-64 MEROBS (NRG. 2b. (5) Eom Lote Propaviiene,, 
65-69 PEROBA (NR) = C22.b.(5) oe 200) Paebab illite, 
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meest Card: 


Cols 
1-2 
3-4 
5-6 
7-8 
9-10 
11-12 
13-14 
15-16 
17-18 
19-20 
21-22 
23-24 
25 -26 
27-28 
29-30 


mi ~ 32 


Next 2 Cards: Parameters of Mean Firing Time 


Variable 


eM (2. 41 Gel te ees) 


FIRTIM(2,1) 
FIRTIM(3,1) 
FIRTIM(4,1) 
FIRTIM(1,2) 
FIRTIM(2,2) 
FIRTIM(3,2) 
FIRTIM(4,2) 
FIRTIM(1,3) 
FIRTIM(2,3) 
FIRTIM(3, 3) 
FIRTIM(4, 3) 
FIRTIM(1,4) 
FIRTIM(2,4) 
FIRTIM(3,4) 


FIRTIM(4,4) 


Re ference 


tf 


tf 


1? 


tf 


A 


Type 


2 


Mean Firing Time Due to Target Type 


Maximum 


a 


Second Card: Denominator of Range Component 


BS 
o- 10 


7o-80 


DENOM(1,1) 


DENOM(2 ,1) 


Ciel se Che) 


tf 


i> 


tf 


99999 


tt 


(Same order of subscripts as FIRTIM) 


DENOM(4,4) 


ft 


mer REPPOL = 1, skip to section III.J.7}) 


Units 


Minutes 


Yards/Minute 


? 





Cols 


1-4 
5-8 


Refueling Data 


a. First Card: Miscellaneous 


Variable Reference Type Maximum Units 
NOMO H.1.b 14 9999 Minutes 
COMBO Hees Ac 14 9999 Minutes 


(IF REFSKD = 2, skip to section Ll tad Se) 


b. Next 4 x FINFUL Cards: User-Input Refuelin 
Schedule 


merst Card 


= 7 
8-14 


7-63 


RUSK. sl) Hel F7.2 9999.99 Days 


MEnibok(2,1,1) ti sa u 


XFULSK(9,1,1) " " " " 


Second Card 


7 Rewilbok( 1, 2,1) : a a a 
e- 14 Paro (2,2 ;1) 2 au 2 y 
By -93 Ebert 9,.2.,.1) : _ MS u 
faard Card 

7 EUiok (153,21) i : u : 
8-14 MEVIESK(2),35,1) " : a Hi 

: : 

my -65 Pom bcs (9 ssi) C . ie q 


Semrth Card 


e- / 


8-14 


By -63 


XFULSK(1,4,1) " " " " 


XFULSK(2 ,4,1) " " " " 


XFULSK(9,4,1) " " " " 





Next 4 Cards 


mame as first four cards except Chat third subscript vise. 


Continue in the same manner until there are FINFUL sets of 


Smeards each. There must be 4 x FINFUL cards in the user- 


moput refueling schedule section of the data deck. 


mem to section III.J.5.d) 


Gyeeilext Card: Parameters of Compa@ter-Caliemilared 


Betucling Schedule 


Cols 


Mamata ble Reme aemee Type Maximum Uneres: 
mG Rid (1) ees a FOZ 999.99 Days 
MERE ST (2 ) i i " . 
MERFST(3) i S ik " 
AGREo. (4) . a “ a 
MGR ol (5) _ . ss 
XDDFST (1) - 2 a ut 
MODES I (Z) " A ee “i 
RUDEFST (3) 7 2 2 : 
XDDFST (4) i ” “ iH 
XDDFST (5) M e Hy 
CRINT Ls 99999 Minutes 


DDINT u 15 99999 Minutes 


d. Next Card: Minimum and Maximum Refueling Off- 


Station Times 
MINFLC neo. ES ooo Minutes 
MAXFLC . oe a 
MINFLD " im 


MAXFLD tt tt tf tt 





Times 

Cols Variable 
i 6 MINLEV(1) 
o-12 MINLEV(2) 
25-18 MINLEV(3) 
19-24 MINLEV (4) 
fo -29 MINARC 
50-34 MAXARC 
5-39 MINARD 
40-44 MAXARD 

b. Next 4 
First Card 
i 7 INAMM (1,1) 
8-14 INAMM(2 ,1) 
b/-63 INAMM (9,1) 


Rearming Dace al 


a, First, Caxd- 


Minimum Allowed Ammunition Levels 


and Minimum and Maximum Rearming Offi -SitatGion 


Second Card 


1-7 INAMM(1, 2) 
8-14 INAMM(2 ,2) 
57-63 INAMM (9 ,2) 
maeerd Card 

1-7 INAMM (1, 3) 
8-14 INAMM (2,3) 
57-63 INAMM(9, 3) 


Reference 


Bie 2 


Cards: 


lye 


Type 
16 


Wy 


Maximum 


ee 


9999999 


Units 


Rounds 


Initial Ammunition Levels 


Rounds 





Bourth Card 
e- / INAMM(1,4) H.2 iw; 9999999 Rounds 
8-14 INAMM (2 ,4) ae rt ft t 


57-63 INAMM(9,4) =" " " : 


7. Next 2 Cards: Ammunition Expenditures Per Minute 
mols Variable Reference Type Maximum Unies: 
Bairst Card 
P= 4 MINAMM(1,1) G.2 14 9999 Rounds/Minute 
5-8 MINAMM(2,1) " i i i 


(Same order of subscripts as FIRTIM) 


61-64 MINAMM (4 me) " tt '" '" 
Second Card 
1-4 MAXAMM (1 ,l) u rt t t 


5-8 MAXAMM(2,1) 1" " " " 


(Same order of subscripts as FIRTIM) 


61-64 MAXAMM (4,4) os rt '! tt 


8. Last Card: Random Number,Generator [Initializers 
iis "Gard CoMmtpdans a. Stringecte, 0) random digits sim 
columns 1-70, with the requirement that every fifth column 


Bontains an odd number. 





IK. COMPUTER STORAGE AND TIME REQUIREMENTS 
The program runs on an IBM-360/67 at the W. R. Church 
memoutcer Center at the U. S. Naval Postgraduate School. For 
Menmer systems, the storage and time requirements may differ 
from those stated below. 
me Computer Storage 
The amount of core area required is dependent on the 
amount of array storage set aside for array variables, which 
mmecurse depends on the estimated size of the problem to be 
memibated. The program as presented in Appendix B allows up 
meezoUU events and 1000 missions to be generated during each 
meeration of the problem. Thus the 19 parameters associated 
meemeecach mission all have dimension size 1000 and the 4 pa- 
Mumeeteres aSSOCiated with each event all have dimension size 
moo. With these array sizes, the program requires approxi- 
memeeiy 195K bytes of execution core area. 
meeecomputcer Central Processing Unit Time 
it wp rOeraM Trequires approximately I minute andw7> 
Memouds Of CPU time for the compile and link steps. CPU time 
mequired in execution is primarily dependent on the number 
Of missions generated and the number of iterations performed. 
ieenamount of execution time can be calculated approximately 
1/200 seconds per mission per iteration. The expected 
humber of missions per iteration is approximately). XCFF(NR). 
Therefore, if the expected number of missions per 
iteration for a problem is 500 and 10 iterations are perform- 


ed (NRIT = 10), then 


Execution Time = 500(i/200) (10) = 25 seconds. 








IV. VERIFICATION AND VALIDATION OF THE MODEL 


AY. VERIFICATION 

The fact that logic flow in the program is as intended 
and that output statistics accurately describe the situa- 
tion being simulated has been verified in several ways. 
These are discussed below. 


1. Verification of Intermediate Calculations ania Watal 
Flow ao en ae 


During the formulation of the program and numerous 
debugging runs, results of calculations aitch@ Chet oem eelmle the 
data at various points in the program were printed out to 
determine their correctness. When the program was considered 
finally debugged, such checks were performed at all points 
in the program at which calculations were De Twenmned ) Ouge ser. 
nificant data points referenced. The results of these 
checks were carefully examined, and all values were deter- 
mamed to be correct. 

me ilracing 

Logic flow through all possible Dramehes wor etic 
program has been carefully traced and determined to be as 
micended. 

3. Extreme Value Problems 

When the program was considered finally debugged, 
several problems were formulated using extreme foreseeable 
maximum and minimum values of input parameters. In each 
case, the program successfully ran to completion with 


Meatistical results reflecting the extreme values. 
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ion, Verit vecablon sonar ponentaat Dis er teu caren 


To verify that mission interarrival times are 
actually produced according to the exponential distribution, 
pekoOlmogorov-Smirnoff test for goodness-of-fit was perform- 
ed on the interarrival times in a subarea picked at random 
maa trial run of the program. The subarea picked was sub- 
@rea ll. The following input data was used for subarea 11 


maetne trial run: 


XCFF(11) = 35.0 missions 
ol Ol Gls) —eanO wo, days 
XLONG(I1) = 7.5 days 
Pus. 
XDURAT(11) = 7.0 days 
ROAC RY (i) = .00347 missions/minute. 


item continuous Curve in Figure 3 1S a plot of the 
meee or an exponential distribution with rate = .00347. The 
Seep function in Figure 3 is the sample CUE Tot thesz 5 muse 
meen interarrival times generated for subarea 11 in the 
Piaal run. 

ine Kolmogerov-omirnort test [pp. 256-240 Ret. ai 
Bensists of observing the absolute difference between the 
value of the sample CDF and the gues Ob selene Oenesazed 
CDF at all points in the sample. The test statistic is 

De — foalen Cou F(x) | } 

where F(x) is the value of the hypothesized CDF at x and 
“G3 is the observed value of the sample CDF at x for a 


Bample of size n. 








F (x) 





1.0000 Eo eel 
m7 00 
fA sample CDF 
f) 
mogZ5 A 
A 
.4350 ‘1 
D3 = 0.165 
m2 75 
| x 
200 400 600 800 1000 1200 


Figure 3. Kolmogorov-Smirnoff Test for Goodness-of-Fit 
of Mission Interarrival Times to the Exponential 
Distribution. 


faah 





Inspection of Figure 35 yields D3 =i OS ier hale 
wi in Reference 5 shows that Do3 < .276 1s acceptable with 
95% confidence. Therefore the sample of interarrival times 
mm subarea 11 successfully passes the: Kolmogorov-Smirnoff 
mmereror goodness-of-fit for the exponential distribution. 
From this result, it was assumed that all interarrival times 
and mission firing times fit an exponential distribution, 
Sance the same method of generating exponentially distributed 
random variables was used in each case. 

ee Comparison with GPSS Model 

A short program in the General Purpose Simulation 
System (GPSS) was written to simulate the system described 
merein in a very basic mode, which was easily adaptable to 
meee ine program Gescribed herein was rum using input 
Values which placed it in exactly the same mode as the GPSS 
program. The queueing results of each were then compared 


mmaecound to be in very close agreement. 


ome Verification of Relationships Between Output 


pleaclsStics 

By investigating the mathematical relationships be- 
tween various output statistics, it was verified that the 
Mereeutations which produce the output values are properly 
performed. An example of an investigation of such a rela- 
tionship is discussed below. 

OVERALLS Uli peat ONS Seen coe ling sand Teaanim. 
Meeenot used in the problem, overall ship utilization should 


equal 


= 3 Duh, 








Total Missions x Average Service Time Per Mission 
Number of Ships x Total Problem Time 
For a trial run of the program in which refueling and rearm- 


meeewere not used, the following results were obtained: 


NR647 = NRS38 = 1 


NR855 


NRS54 0 

TOTAL NUMBER OF MISSIONS FIRED = 385 

PyeERAGE SERVICE TIME PER MISSION = 43.0 minutes 
mePTAL PROBLEM TIME = 8 days, 15 hours, 54 minutes 


OVERALL SHIP UTILIZATION = 0.44. 
Msaing these figures in the formula stated above yields: 


Syerall Ship _ S05 xo U = 442 
Dia lization 3a (8 x 1440 + 15 xed + 52) ; ; 


Simce overall ship utilization 15 not caleweagcd 
meme the above formula in the program, but rather by accumu- 
maeing an overall sum of minutes of utilization for each 
merp, this result lends further verification to both Forere 
flow and accuracy of all of the above listed output statis- 
Mees. By methods similar to the above, calculations of 
Sener related output statistics were also verified. 

fe Sensitivity Testing 

As a final method of jomtencneione the Sens Wememey 
of the model to changes in input parameters was tested. An 
example of such tests is discussed below. 

WTDIS: <A trial run of the program was made using 


mrs = 4000. The output statistics for this problem vielded: 
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AVERAGE TRAVEL TIME = 16.5 minutes 

AVERAGE WAITING TIME (ALL MISSIONS) = 8.3 minutes 

PERCENT OF MISSIONS REQUIRED TO WAIT = 26.5%. 

The same problem was then run using WTDIS = 8000, 
all other input values remaining unchanged. It was ex- 
pected that each of these output statistics would increase 
by amounts estimated as follows: 

a. Average travel time should increase by ap- 


proximately 


aol a = 4,2 minutes 


since each ship coming from the waiting pattern would have 
an additional 4000 yards to travel at a speed of 20 knots, 
Mid approximately 703 of the missions were fired by ships 

coming from the waiting pattern. 

b. Average waiting time (all missions) and percent 
Meemissions required to wait should increase very slightly 
Me to the small increase in average travel time. 

ihewrestutiseon the trial non Usangs. 10S sou 00 


were as follows: 


AVERAGE TRAVEL TIME = 20.4 minutes 
AVERAGE WAITING TIME (ALL MISSIONS) = 8.5 minutes 
PERCENT OF NiSSlONS REGUIRED™ ROs WATT = "2 /.2 

These results are very close to those expected, 


further verifying logic flow and program results. 
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B VALIDATION 

The simulation cannot be considered validated since it 
#5 Obviously infeasible to actually physically conduct a 
problem for experimental purposes within the scope of this 
mimesis, and no experimental data of similar exercises is 
[aitable. The design of the model is primarily based on 
Sersonal experience in NGFS both from aboard ship and as a 
Meetter ashore, and the results obtained by the simulation 


Model appear to be valid within the limits of that experience. 


iis 





V. PARTIAL SIDESEEASIBILI TY Gea 


With the computer simulation model finalized and fully 
meewecd, a partial study of the feasibility of the STDF con- 
cept was undertaken. This study focused only upon the que- 
Meing aspects of providing NGFS from the STDF to SIAF's 


ashore. 


A. ebecTIVE OF THE STUDY 

The overall objective of the study can be generally 

stated as follows: 

"Determine the optimum number and mix of NGFS ships 
meauired to adequately support SIAF's in an insur- 
memc-contested area." 

mere Procecading further, the term™=“adequate “support 

meet be defined. Since the model does not consider results 
@i missions fired, adequate SUBPOGeE cannow De de rited san 
terms of results achieved. Rather, the definition must be 
mm terms of the queueing aspects of NGFS. 
ieee Decision Criteria 

Iwo arbitrary dé€cision Gritéeria were established 
in order to define "adequate" support. ites Smo ndnGe 7 lamas 
based solely on personal experience and cannot be considered 
Maenoritative. The decision criteria are: 

an (ie average Waller time, pe tells s LOM ol Olllcpic 
less than 10 minutes. Spotting teams ashore become quite 


anxious and their position becomes increasingly tenuous as 
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j@ne length of time between their call for fire and notifica- 
tion that a ship is on the way increases. Ten minutes seems 
Tike a reasonable upper bound on the length of time that a 
@atrol should have to expect to wait. 

be Overalls vemiite 1 Zac ees Olu a biCirdteekca st 
moe. Paucity of ships to assign to a particular operation 
dictates a requirement such as this, and is the basis of the 
Mecca for a feasibility study of the queueing aspects of NGFS 
Bt oLAF's. 

m) Objective Function 

Having established the two decision criteria to 
Seine ‘'adequate'"' support, the objective of the study be- 
comes: 

"Determine the minimum number (and mix) of NGFS 

Slits becumeneds TOme a ll S hy mtllemde Gils fOnmme hati tc lade aeen 
in terms of the variables and the output statistics 


methe computer model, the objective can be stated as: 


Mimimize: NRSS5 + NRO47 + NR554 + NRSSS 
Subject to: AVERAGE WAITING TIME (ALL MISSIONS) < 10. 
OVERALL SHIP UTILIZATION > 0.50. 
eee Optimization Technique 
TheVoptaimizetion technique wsed can be described 
Memerally as a 3-step procedure. These steps are: 
De VDOULeSI ZC a CYplCat «seb /olAr Situation, 
Dew EXeCrGise the similatzon model wvary ima@e tie 


humber of ships of each type which are present. 


ay 








c. Inspect the results of the simulation exercise 
to determine the minimum number (and mix) of ships which 


best satisfies the decision criteria. 


D. HYPOTHESIZED SITUATION - SCENARIO 

In order to exercise the computer simulation, a scenario 
was developed which seems to describe a typical situation as 
envisioned under the STDF/SIAF concept. 

1. General Situation 

Pome count my mal lied With tle! U.S es sUaclen, 

imminent threat of insurgent takeover. For the past several 
months, there have been numerous reports of infiltration ee 
the country and tensions have increased with the country's 
unfriendly neighbor to the southwest. During the past two 
weeks there have been terrorist attacks in the small fishing 
villages located along the banks of a river which divides 
the country roughly in half. The capitol city is located at 
the mouth of this river. The government now believes that 
the infiltrators are an insurgent force from the unfriendly 
neighboring country, and that the insurgents are bust idence 
for an attack on the capitol city in an attempt to unseat 
the present government. The allied country has requested 
emergency military assistance from the U.S. to suppress the 
misurpent force. 

2. Enemy Situation 

The recent terrorist attacks and other reports in- 

dicate that the bulk of the enemy force is dispersed along 


the banks of the river in small guerilla groups. However, 
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Bence there have been no sightings or use of heavy artillery 
or other significantly large military equipment near the 
meyer, it is believed that some of the enemy force is en- 
gaged in transporting heavy equipment to strategic locations 
to the west of the capitol city. The most likely routes for 
movement of such equipment are through the sparsely populated 
mountainous regions in the southwest and northwest parts of 
the country. There are estimated to be between 7500 and 
10000 insurgents within the country at the present time. 
3. Friendly Situation 

The U.S. has agreed to send elements of the STDF 
morasSist in suppressing the insurgent force. However, the 
U.S. has made it clear that this military assistance is on 
Mememergency basis oniy, and wiil be provided for a mericd 
Of seven days only. The STDF commander has received specific 
orders to place only a minimum number of men ashore, and that 
patrols placed ashore are not to actually engage in combat 
Mreecept in self-defense. 

a. NGFS/SIAF Detachment 

The STDF commander detached the following ships 

from the STDF to provide the emergency assistance requested: 


1 LHA (with one Marine Expeditionary Unwe 
embarked) 


1 AOE 
X Cruisers and Destroyers 
b. Area of Operations 
(Eee ODieGtive Area. 8 Ihe ObjJeclivemaneas’ sec. 


fined as the area surrounding the capitol city, 10 miles north 








mad south of the river, and including up to the peaks of the 
mountain ranges in the northwest and southwest. The objective 
area iS approximately 20 miles wide and 10 miles deep (inland 
from the coast). 

(2) Patrol Subareas. Based on expected densi- 
ties of enemy targets and terrain features, the objective area 
has been divided into 34 SIAF patrol subareas. Patrols will 
memamserted into these subareas by helicopter beginning at 
m00 (H-hour) on the first day. Order and time of patrol in- 
sertion will be randomly picked. All patrols will have been 
inserted no later than 2100 on the first day. 

(3) Waiting Pavcernu. | Whenmenot assignedmeoe fine 
amission, ships will operate within a 10 mile wide area 4-6 
mes Offshore and centered on the center of the objective 
mrea Since the heaviest target densities are expected to be 
Meerecme center of the objective area. 

eer irineg Doctrine 

in thisesituationgethe U.S. 1sSmvery snueaweon- 
cerned that its troops ashore not engage in combat unless 
memeicely necessary. Thus it is desired that all calls for 
fire from SIAF patrols be answered as rapidly as possible by 
any ship available, and that personnel targets be fired at 
before material targets if both occur simultaneously. 

d. Refueling and Rearming 

(1) Location of AOE. The assigned AOE will re- 
main approximately 15 miles offshore to accomplish refueling 
and rearming. Thus, a one-way trip from the waiting pattern 
to the AOE at a speed of 20 knots should require approximately 


50 minutes. 
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(2) Retueling Schedules seoiec 1 15 sant ler, 


pated that the operation will last approximately one week, no 
ship should require refueling more than once. Destroyers are 
scheduled to refuel beginning at 1100 on the fifth day, with 
other destroyers following the first at four-hour intervals. 
Destroyers may also refuel beginning at 1100 on the ninth day 
Meethe operation lasts that long. Cruisers are scheduled to 
refuel beginning at 1100 on the sixth day, with other cruisers 
following the first at four-hour intervals. It is anticipated 
that destroyers should require 60 to 90 minutes alongside the 
MOE during each refueling, while cruisers should require 90 
to 120 minutes. As the operation progresses and the time of 
withdrawal of all patrols from the objective area becomes 
reasonably firm, no ship will depart station for refueling 
Mithin 12 hours of this anticipated time of total withdrawal. 
(3) Initial amd MininumeAnmmowevels. Prior eto 
arrival at the area of operations, all NGFS ships have topped 
off their onboard ammunition levels. The STDF commander has 
prescribed minimum allowable ammunition levels for each type 


of ship. These ammunition levels are as follows: 


Type Ship Initial Minimum 
8''/55 8000 1000 
Oi 10000 1000 
Sy 54 12000 2000 
51/38 6000 1000 


It is anticipated that destroyers should require 2 to 3 hours 
alongside the AOE to rearm, while cruisers should require 3 


to 4 hours. 
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ie HYPOTHESIZED SITUATION = INPUT Rare ins 

Having hypothesized what appears to be a typical STDF/ 
Sear Situation, the next step was to translate the scenario 
into values of input variables in order to exercise the com- 
Meter simulation. Appendix C is the printout of input data 
used in the hypothesized problem, for a run in which NR855 = 
NR647 = NRSS4 = 1 and NR538 = 0. 

ime Zero Problem Time 

Zero problem time is 0500 on the first day of the 

Seperation. Thus, HHOUR = 300. All insertion times are in 
Minutes after 0500, i.e., INSERT(2) = 140 indicates a SIAF 
mero) will be inserted into subarea 2 at 0720 on the first 
day. 

eee Problem Area Map 

Breure 4°15 a Map of the problem area translated inte 

Bie CcOOrdinate system described in Section III.B. Subarea 
boundaries used are not Necescatm@ly Cxactly a5 they wWollashe 
Mmaethe actual operation, i.e., the ane would probably be 
mie boundary of patrol subareas on either side of it. The 
following input information is shown on the map for each sub- 


er1Ca. 


XCFF (NR) 








XPROB1 (NR) 
XPROB2 (NR) 
XPROB3(NR) 


INSERT (NR) XPROB4 (NR) 





vem We Seeiccam@ re Te ec me denM lc meneame ulelecee diac 17 
fire and target type probabilities are based on the expected 


locations, density, and type of enemy targets as indicated 


—— a2 
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an Section V.B.2. XCFF and XPROBI1 + XPROB2 are high near the 
river, and XPROB2 > XPROB1 since it Is believed that the in- 
surgent force operates primarily in small guerilla groups. 
XPROB3 + XPROB4 is high in the mountainous areas to Ene 
southwest and northwest, indicating suspected movement of 
supplies through those areas, with XPROB3 > XPROB4 indicat- 
ing primarily heavy equipment being moved. 
oe Expected Patrol Durations 
The maximum and minimum patrol durations were 
chosen such that the expected time of extraction of each 
patrol should be approximately 7 days after zero Prop ke m 
time. However, patrol duration parameters are given a wider 
range of values in the areas of heavy density of enemy per- 
sonnel. This reflects a higher probability of eariy extrac- 
tion due to SIAF personnel casualties. 
4. Assignment Doctrine and OUe UG ght sieiba bine 
The discussion in Section V.B.3.c implies that "any 
ship with guns of adequate range may fire" any mission (ASNDOC 
= 1), and “personnel missions have priority" in the queue 
(QDISC = 2). 
fee Retueling Schedule 
The refueling schedule as discussed in Section V.B. 
3.d translates into the following values of refueling sched- 


ule variables: 


REE EOs5 Z 


REFSKD 1 (Computer calculated schedule used) 


COMBO = 60 (Time for round trip between AOE and 
waiting pattern is one hour) 
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NOMO = 720 (No more refuelings within 12 hours of 
latest extraction time) 


MORES (1) = 5025) 0 (Sedays .omiloUnomarrie tr ZcmOm ino 
lem time is 1100 on 6th day) 


XCRFST(2) thru XCRFST(5) = 99.00 
ODES Gl a 4225 

ane oti2cre 

XDDFST(3) thru XDDFST(5) = 99.00 
CRINT = 240 

DDINT = 240 


Other values of refueling and rearming parameters 
are translated as indicated in Appendix C. 
ieeebiring lime Parameters 
The components of mean firing time as indicated in 
Appendix C were determined as follows: | 
a. Denominator of Range Factor 
The range to the target generally has less ef- 
Meet on the accuracy of 8"/55 and 6/47 shells than 5° "shelts 
since they are larger and designed for longer ranges. 
b. Mean Firing Time Due to Target Type 
A 5"/54 gun is considerably more effective 
against personnel targets and should require considerably 
Hess time to fire a personnel eeernes mission due to its 
rapid rate of fire. 8"/55 and 6"/47 guns require less eerie 
against material targets due to their high explosive power, 
while a 5/54 gun requires less time than a 5"/38 due to its 


mapid rate of fire. 
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D. INVESTIGATION OF VARIOUS NUMBERS AND MIXES OF SHIPS 
PRESENT 


ie Iwo Ships 
Rough calculations based on expected number of mis- 
sions, expected service time, and expected problem duration 
indicate that it is very unlikely that any combination of 
two ships would be able to provide adequate support. These 


rough calculations are as follows: 


34 
XCFF(NR) = 414.0 
NR=1 
Expected total service time per mission = 45 minutes 


Expected problem duration = 7 days 


Ne 


414 missions x 3/4 hours/mission 
required 


310 ship hours 
Two ships x 7 days x 24 hours/day = 336 ship hours 
available. 
The variability of mission interarrival times, mis- 
Sion firing times, and travel distances, and the requirements 
for refueling and rearming would most likely cause an unac- 
ceptable queueing situation to develop. Therefore, combina- 
tions of two ships were not investigated initially. 
mee three Ships 
It is not at all apparent from rough calculations 
whether or not three ships would be able to adequately sup- 
port the hypothesized operation. Herein lies the basic 
justification for the use of simulation, since simulation 
accounts for the variability in problem parameters and pro- 


duces an average (expected) result on which to base decisions. 


_ " 





To investigate the queueing Tesults tor Ehwecesnm= 
present, the problem was run 16 times, representing all pos- 
sible combinations of 0 to three ships of each type which 
add to 3, with the requirement that at least one 8"/55 ship 
mone 5"/S4 ship be present, since the northern extremity 
of the objective area is 25000 yards from the gunline. Ten 
iterations per run (NRIT = 10) were used to determine aver- 
aged results and standard deviations. Table I, on the next 
page, presents the two decision criteria output statistics 
for each of the 16 combinations of ships. Figures in the 
table are the upper and lower limits of a 95% confidence 


interval. These limits were calculated using the equation 


7 PoeG= cee tee Oma = 
ee = x 


os il 


Match was derived as discussed in Section III.1.4. 
Inspection of the figures in Table I shows that re- 
Merciless of the mix of ships, overall ship utilization is 
approximately 50% when three ships are present. From this 
observation it can be readily deduced that utilization when 
four ships are present would be considerably less (probably 
about 35%) while utilization when only two ships are present 
would be greater (probably about 65%). Based on this con- 
clusion, the simulation was exercised for the seven possible 
combinations of two ships to see if any combination would 
Mield a satisfactory average waiting time. The results of 


these seven runs are presented in Table II, on the next 


page. 
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MABLE I. Decision Criteria Output Statistics for Combinations 
of Three Ships 


OVERALL SHIP 
AVG WAITING TIME UTILIZATION 


NR855 NR647 NRS554 NRS38 MIN MAX MIN MAX 
0 0 i} 2 24.0 S50 -482 e528 
0 0 Z i iO OZ -484 gonad) 
0 0 5 0 Sr Se ~447 785 
0 1 1 i} 8.6 13.4 -470 poe 
0 1, Z 0 4.0 Gre2 ~434 ~494 
0 2 i 0 50 lon rl a -493 
1 0 0 Z S0)..5 Soak -487 Oro 
Jt 0 i 1 120 ee -476  oAk6 
1 0 Z 0 5.6 G26 -460 1908 
i. ik 0 i 7.8 ies 2 -478 nod, 
1 i 1 0 ol Sas ~459 -481 
dh Z 0 0 6.4 eae) ~475 Ue 
Z GO 0 ii 8.5 rile ~494 ae 
Z 0 i 0 4.6 8.4 -478 one 
2 1 0 0 4.7 WS -476 soae 
5 0 0 0 4.5 929 - 468 505 

Meee Ji. Decision Criteria Output Statistics for Combinations 


Oe Sivoo ins 


OWE Re eon ee 
| AVG WAITING TIME UTILIZATION 
NR855 NR647 NRSS4 NRS38 MIN MAX MIN MAX 


0 0 il 1 48.8 . 73.4 Oo? of43 
0 0 Z 0) Zoe 41.6 -676 ~742 
0 iL 1 0 Zoo 42.8 Oe wiles 
i 0 0 i O50 Smo paraleg see 
i 0 1 0 Zo 44.4 666 one 
1 1 ) 0 33.4 45.8 .674 ~743 
Z 0 0 0 See 46.9 -685 7 oe 
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At this point in the analysis, it was observed that 
no combination of ships present would simultaneously satisfy 
mee two decision criteria within the limits of a 95% con- 
fidence interval. When three ships are present, there is no 
combination for which it can be said with 95% confidence that 
OVERALL SHIP UTILIZATION > .50, while there is no combination 
of two ships for which it can be said with 95% confidence 
meat AVERAGE WAITING TIME < 10.0 minutes. Thus, one of the 
meoecaecision criteria had to be relaxed. Inspection of 
Tables I and II made it readily obvious that the ship uti- 
Meeeation criteria was the logical criteria to relax. Thus, 
the decision criteria was changed to OVERALL SHIP UTILIZA- 
mION > .43., 

With these revisec decis#on critcmie, the sellening 


Nine combinations of three ships satisfy both criteria simul- 








taneously: 
NR855 NR64 7 NRS54 NR538 
0 0 S 0 
0 i Z 0 
0 Z 1 0 
1 0 Z 0 
1 1 i! 0 
Ik Z 0 0 
Z 0 1 0 
Z 1 0 0 
5 0 0 0 


The striking characteristic of these nine combina- 


meons is that NRS38 = 0 in all of them and they are the only 
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nine combinations in which NR538 = 0. This is obviously be- 
cause of the short range of the 5"/38 gun, which limits its 
usability when the objective area 1S more than 7 miles deep. 

In an attempt to further distinguish between these 
nine combinations of three ships, two other output statistics 
were investigated. These were MAXIMUM WAITING TIME and PER- 
CENT OF MISSIONS REQUIRED TO WAIT. Table III on the next 
Mage presents these statistics for the nine combinations of 
marps Under consideration. 

Inspection of Table III indicates that two combina- 
tions are considerably less desirable than the others. 


These are: 


NR855 NR647 NR554 
0 2 i) 
ib 2 0 


The striking characteristic of these combinations 
is that NR647 = 2 in each of them, and they are the only two 


combinations of the original 16 in which NR647 = 2. 


i SONCLUSION OF THE STUDY 

Besed on the foregoing analysis of the output statistics, 
the following conclusion was reached: 

"For a situation such as described herein, any combina- 
Bron Of three NGFS ships of which none are 5"/38 ships and 
less than two are 6''/47 ships is optimal in terms of providing 
adequate support to SIAF's ashore in an insurgent-contested 


area." 
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Table III. MAXIMUM WAITING TIME and PERCENT REQUIRED TO WAIT 
Staurstics for the Nine best. Comulmatilons. oF 
Three Ships 


PERCENT 
MAX WAITING TIME REQUIRED TO WAIT 

NR855 NR647 NRSS4 MIN MAX MIN MAX 
0 0 3 69 141 Sa S26 
0 1 2 75 169 3 Ge Soro 
0 2 1 See St Zale Sesh es 
1 0 2 55 ss«d123 13.7 esc 
1 1 1 [ee aie 13.8 34.8 
1 2 0 184 9-342 Plecmses 
2 0 1 80 220 heer ey 
2 1 0 88 «174 3.2) ore 
3 0 0 110 9.254 tLe yeaa Ny 


oe 





In terms of SUDF feasibility, Cais emeboswinterproerca 
to mean: 

mit threewNGFS ships, of which Mone sane 95.7 Jo —Shapcmamd 
jess than two are 6''/47 ships, are available for inclusion 
Maethe STDF, then the STDF concept is feasible in terms of 
meeviding NGFS to SIAF's ashore in a Situation such as 
@escribed herein." 

It must be emphasized that these conclusions only apply 
Beetne hypothesized situation. The sensitivity of the con- 
clusions to changes in input parameters has not been tested 
ms would certainly be necessary in a detailed feasibility 
Seudy. It is not considered within the scope of this thesis 
to undertake such an extensive study. Rather, it is con- 
sidered that the objectives stated in Section I.C have been 


Met at this point. 
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Vie 


CONCLUSIONS 


Mme is Tecoent zed tneeetiere are Se Vie rotewdy sai leewienell 


the model presented in this paper is capable of refinement 


mad extension in order to more 
SIAF support situations and be 
the overall feasibility of the 
refinement and extensions were 


mie scope of this thesis, some 


accurately simulate realistic 
more USCLUM een ves c lo deene 
SLE <Concep pew emoucn suet 


not considered to be within 


of them are pointed out in 


mais section for possible future consideration by users of 


the model. 


A. Reel NEMENT OF THE MODEL 


im Travel Distance Calculations 


iiemedleulationsS Om travel. distamecs ON Wh men ciige 


assignments are based can be made more realistic by develop- 


ing a dynamic scheme of keeping track of actual positions of 


unassigned ships throughout the run of the model. 


fee onip Assignment Doctrines 


Po pmass bOnmenGsCOCtrINcs= OtncrY ELMal tile Cwo used 


in this model can be devised to simulate a wider range of 


mealistic options available to the STDF commander in as- 


Signing ships to missions. 


oe Queue Discipline 


Mepreenpt epelen ton) Wren: eal d Ss smtens = cate lc = all 


troduced to add realism to the 


model. 


4. Refueling and Rearming Off-Station Times 


Tieeanount Of time spent by Gach ship OLf-Station 


for rearming and/or refueling can be made more realistic by 


tf. -= 





developing a method of simulating movement of oilers and am- 
munition ships throughout the problem. 
Ree SLAF Patroletovements 
The model can be made more realistic by developing 
a dynamic scheme of simulating movement of SIAF patrols with- 
in their assigned subareas. Such a scheme could possibly 
be the linking of this model with the TRW SIAF model in some 
way. 
eee Distributions of Variable Quantities 
MELPor the distributions sor -vamaab Le Sauantast wes 
Mseced in the model are based primarily on personal experience 
ma Naval operations. It is possible that some of the dis- 
tributions do not reflect realistic situations as accurately 
as some other distribution might. Refinement of the model 
Baould anclude an investigation of historical or experimental 
data to determine the actual distributions of the variable 
Mmantaities. For example, nes concerning actual mission 
mering times should be analyzed to determine if firing times 
meeualiy conform to the exponential distribution or to some 


memer probability distribution. 


B. EeeleNSIONS OF THE MODEL 
ime inclusion of Air Strikes 
The model can be extended to simulate air strikes by 
Mmemicopters or fixed-wing aircraft originating from carriers 
memoned to the STDF when targets could be more effectively 
Piecountered by air strikes or are beyond the maximum range of 


Naval gunfire. 
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Ze  Inclus Lonmo res die eke sti. 


Although there are no battleships in commission at 
mime present time, the possibility that battleships could be 
brought back into use in the future, as was the case of the 
maw JERSEY in the Vietnam War, indicates the desirability of 
mm@eruding battleships in the model. However, if no ships of 
a particular type were present in a particular problem, the 
model in its present state could be used to simulate the 
presence of battleships by assigning battleship parameters 
moeche input variables normally used for ships of the type 
moc present. This might require some modification to the 
ship assignment doctrine. 

Bee lultiple Patrols in a Subarea 

Tne model cotiGc be extended to inciude the option 

Of inserting a second patrol into a subarea when the first 


macrol iS extracted, and so on. 


e OVERALL CONCLUSION 

Pole it 15 recognized that the model presented in this 
maper 1s Capable of refinement and extension in several ways, 
at is considered that the model in its present state is use- 
ful as a means of providing general ideas concerning the 
m@melicing aspects of a wide variety of user-defined NGFS/SIAF 
Situations. It is also considered that the model can be 
useful in operational planning, i.e., the model could be used 
meminvestigate the effects of locating the waiting pattern in 


Various areas, etc. 
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Me Silr Wolctd JUS? COME eRe D SON 
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* REFUELING AND REARMING DATA * 


Mee-STATION TIME PARAMETERS: 
(MINUTES OFF STATION PER EVILUTION FROM TABLE BELOW) 
CRUISER S DESTROYERS 
Be FUEL REARM ReCuUES REARM 
MIN MAX MIN MAX MIN MAX MIN MAX 
150 180 240 RESO 0 120 150 180 240 
INITIAL AMMUNITION LEVELS: 
PaeuwNDS CN BCARD FRCM B=LOW 7 SLE) 
She TYPE 
SHIP NR Bw 7 DD 6"/47 S754 ae 
1 8009 10006 12000 6900 


MINIMUM ALLOWED AMMUNITION LEVELS = 


6"/47: 1000 ROS 

5/54: 2000 RDS 

payyv38> 1000 RDS 

BAPECTED AMMUNITION EXPENDITURES: 
BaoguNOS PER MINUTE PER MISSION) 

TARGET TYPE 
feee = SHIP 1 2 4 
MIN MAX MIN MAX MIN MAX MIN MAX 

1 4 10 S 9 2 8 a 8 
2 4 11 3 ee Zz 8 2 8 
S é Ae 5 20 5 18 5 18 
4 4 10 2 2 3 10 3 10 
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